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COXSTITUXIOX 


Society  for  the  Promotion  of  Engineering  Education. 


1.  Naxe. — This  organization  shaU  be  called  the  Society  for 
THE  Promotion  of  Engineering  Education. 

2.  Members. — Members  of  the  Society  shall  be  those  who  occupy, 
or  have  occupied,  responsible  positions  in  the  work  of  engineering 
instruction,  together  with  such  other  persons  as  may  be  recommended 
by  the  Council. 

Honorarj'  Members  of  the  Society  shall  be  such  persons  as  may 
be  recommended  by  unanimous  vote  of  the  Council  after  a  letter 
ballot.  They  shall  not  have  the  right  to  vote,  shall  not  be  eligible 
to  office,  and  shall  not  be  required  to  pay  any  fees  or  dues. 

The  name  of  each  candidate  for  membership  shall  be  proposed  in 
writing  to  the  Council  by  two  members  to  whom  he  is  personally 
known.  Such  names,  if  approved  by  the  Council,  shall  be  voted  on 
by  the  Society  at  the  annual  meetings. 

3.  Officers. — There  shall  be  a  President,  two  Vice-Presidents, 
a  Secretary  and  a  Treasurer,  each  to  hold  office  for  one  year.  They 
shall  be  chosen  by  vote  of  the  members  at  the  annual  meeting. 

4.  Council. — The  Council  of  this  Society  shall  consist  of  twenty- 
one  elective  members,  one-third  of  whom  shall  retire  annually.  The 
officers  and  the  past  Presidents  of  the  Society  shall  be  members  of 
the  Council  ex  officiis. 

Any  member  of  this  Society  shall  be  eligible  to  election  to  the 
Council,  provided  that  not  more  than  one  elective  member  shall  be 
from  any  one  college. 

Members  of  the  Council  shall  be  elected  by  ballot  by  the  Society, 
at  its  annual  meeting. 

The  Council  shall  constitute  a  general  executive  body  of  the  So- 
ciety, pass  on  proposals  for  membership,  attend  to  all  business  of  the 
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Society,  receive  and  report  on  propositions  for  amendments  to  the 
constitution,  and  shall  have  power  to  fill  temporary  vacancies  in  the 
offices, 

5.  Fees  and  Dues.— The  admission  fee  shall  be  three  dollars, 
and  the  annual  dues  three  dollars,  payable  at  the  time  of  the  annual 
meeting.  Those  in  arrears  more  than  one  year  shall  not  be  entitled 
to  vote,  nor  to  receive  copies  of  the  proceedings,  and  such  members 
shall  be  notified  thereof  by  the  Secretary  one  month  previous  to  the 
annual  meeting.  Any  member  who  shall  be  in  arrears  more  than 
two  years  and  shall  have  been  duly  notified  by  the  Secretary,  shall 
be  thereby  dropped  from  the  roll,  excepting  such  arrearage  shall  be 
paid  previous  to  the  next  ensuing  annual  meeting ;  and  no  such 
member  shall  be  restored  until  he  has  paid  his  arreaj-s. 

6.  Meetings. — There  shall  be  a  regular  meeting  occurring  at  the 
time  and  place  of  the  meeting  of  the  American  Association  for  the 
Advancement  of  Science,  or  of  some  one  of  the  National  Engineer- 
ing Societies,  or  otherwise  as  the  Council  may  determine. 

7.  Public ati(5n.— The  Proceedings  of  the  Society,  and  such 
papers  or  abstracts  as  may  be  approved  by  the  Council,  shall  be  pub- 
lished as  soon  as  possible  after  each  annual  meeting. 

8.  Amendments. — This  Constitution  may  be  amended  by  a  two- 
thirds  vote  at  any  regular  meeting,  after  having  been  approved  by 
a  two-thirds  vote  of  the  Council,  taken  by  letter  ballot. 


RULES  GOVERNING   THE   COUNCIL. 

First.  The  officers  of  the  Society  shall  constitute  a  committee  to 
arrange  the  time  and  place  of  the  annual  meeting,  and  also  to  pre- 
pare a  program  for  the  same. 

Second.  The  reading  of  papers  shall  be  limited  to  fifteen  minutes 
each,  and  abstracts  of  the  same  of  about  three  hundred  words  or  less 
shall  be  printed  when  practicable  and  distributed  in  advance  to  the 
members. 

Third.  The  time  occupied  by  each  person  in  the  discussion  of  any 
paper  shall  not  exceed  five  minutes. 


Proceedings. 


Thursday,  Aug.  17,  1899. 


MORNING  SESSION,    10   O'CLOCK. 

The  seventh  annual  meeting  of  the  Society  for 
THE  Promotion  of  Engineering  Education  was  held 
at  Townshend  Hall,  Ohio  State  University,  Colum- 
bus, Ohio,  immediately  preceding  the  meeting  of  the 
American  Association  for  the  Advancement  of  Sci- 
ence. 

The  meeting  was  called  to  order  by  the  President, 
Dr.  Thomas  C.  Mendenhall,  who  introduced  Dr.  "Wil- 
liam O.  Thompson,  President  of  the  Ohio  State  Uni- 
versity. Dr.  Thompson,  in  a  brief  address,  extended 
a  cordial  welcome  to  the  Society,  to  which  President 
Mendenhall  responded. 

The  annual  report  of  the  Secretary  was  read  and 
accepted,  and  that  of  the  Treasurer  referred  to  an 
Auditing  Committee  to  be  appointed  by  the  Presi- 
dent. 

The  following  persons,  whose  applications  for  mem- 
bership had  been  approved  by  the  Council,  were  duly 
elected :  Frank  E.  Sanborn,  James  Fisher,  Jr.,  James 
D.  Phillips,  Walter  B.  Snow,  George  R.  Chatburn, 
Joseph  D.  Harper,  Louis  B.  Spinney,  Morgan  Brooks, 
Samuel  W.  Beyer,  Benjamin  F.  Groat,  Barton  Cruik- 
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shank,  William  F.  Durand,  Robert  H.  Fernald, 
Frank  W.  Brady,  Edward  C.  Burnham,  Edward  C. 
Schmidt,  John  T.  Faig,  Charles  B.  Sturdevant,  Ed- 
ward Bobinson,  Walter  K.  Balmer. 

Frofessor  ^Magruder,  representing  Professor  Orton, 
extended  an  invitation  to  the  Society  to  visit  Minerva 
Park  on  Friday  evening,  as  the  guests  of  the  Colum- 
bus Engineers'  Club.  This  invitation  was,  on  motion, 
accepted  with  thanks. 

The  Secretary  reported  that  the  Council,  at  its  ses- 
sion that  morning,  had  considered  the  interpretation 
of  Article  5  of  the  Constitution,  relating  to  fees  and 
dues,  and  had  decided  to  recommend  to  the  Society 
that  it  be  interpreted  as  meaning  that  the  first  pay- 
ment of  three  dollars  shall  cover  both  the  admission 
fee  and  the  dues  for  the  first  year.  On  motion,  this 
recommendation  was  approved,  and  the  Secretary  in- 
structed to  take  the  necessary  steps  to  bring  about  a 
change  in  the  wording  of  the  article,  in  accordance 
with  that  interpretation. 

It  was  voted  that  the  Chair  appoint  a  Nominating 
Committee  to  report  a  list  of  candidates  for  the  offices 
and  for  the  Council. 

The  regular  exercises  were  begun  with  the  deUvery, 
by  the  President,  of  the  Annual  Address. 

The  Secretary  read  a  paper  by  Professor  A.  L. 
Bice  on  "The  Essentials  of  a  Technical  Education." 

Professor  W.  T.  Magi'uder  read  a  paper  on  "The 
Engineering  Educational  Value  of  a  Befrigerating 
Plant." 

The  program  of  the  morning  was  concluded  with 
the  reading,  by  the  Secretary,  of  a  paper  on  "Ad- 


PEOCEEDINGS.  3 

vanced  Algebra  in  Engineering  and  other  College 
Courses,"  by  Professor  F.  L.  Emory.  The  discus- 
sion of  this  paper  was  postponed  till  the  afternoon 
session. 

The  meeting  then  adjourned  to  the  afternoon  ses- 
sion. 

AFTEENOON  SESSION,  2  O'CLOCK. 

President  Mendenhall  in  the  chair. 

Professor  Edgar  Marburg  presented  a  paper  on 
''The  Correspondence  School  in  Technical  Educa- 
tion," which  was  discussed  by  Professors  Merriman, 
Williston,  Aldrich,  Marburg,  Hatt,  Waldo,  Magru- 
der,  Allen  and  Mendenhall. 

The  discussion  of  the  paper,  read  at  the  morning's 
session,  on  "  Advanced  Algebra  in  Engineering  and 
other  College  Courses,"  by  Professor  F.  L.  Emory, 
was  taken  up  and  participated  in  by  Professors  Mer- 
riman, Hatt,  Bohannan,  Mees,  S.  W.  Robinson  and 
McNair. 

This  was  followed  by  a  paper  on  "  The  Hydrocar- 
bon Engine  Testing  Plant  of  the  Ohio  State  Univer- 
sity," by  Professor  W.  T.-]\Iagruder. 

The  President  announced  the  following  appoint- 
ments on  committees : 

Auditing  Committee:  Professors  Waldo  and  Wil- 
liston; Nominating  Committee :  Professors  Merriman, 
Eddy  and  Magruder. 

The  meeting  then  adjourned  to  make  a  tour  of  in- 
spection of  the  various  buildings  of  the  Ohio  State 
University. 
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Feiday,  August  18,  1899. 


MORNING   SESSION,    9:30  O'CLOCK. 

Vice-President  Allen  in  the  chair. 

The  Secretary  reported  that  the  Council  had  taken 
favorable  action  on  the  applications  for  membership 
of  Benjamin  F.  La  Rue,  George  B.  Halstead,  Edward 
A.  Bending.  Rosser  D.  Bohannan  and  Thomas  E. 
French,  and  on  motion  they  were  declared  elected. 

The  Committee  on  Nominations  presented  the  fol- 
lo\ving  names  of  candidates  for  the  Council :  Brown 
Ayres,  Tulane  University;  G.  AY.  Bissell,  Iowa  State 
Agricultural  College;  J.  J.  Flather,  University  of 
Minnesota;  AY.  T.  Magruder,  Ohio  State  University; 
F.  W.  McXair,  Michigan  School  of  Mines;  J.  M.  Por- 
ter, Lafayette  College;  A.  J.  AYood,  of  the  Railroad 
Gazette. 

The  election  of  these  nominees  resulted  by  a  unani- 
mous vote. 

The  Nominating  Committee  then  announced  the 
following  nominations  for  officers : 

President,  Ira  0.  Baker,  Univemty  of  Illinois. 

Vice-Presidents,  Robert  Fletcher,  Dartmouth  Col- 
lege; C.  D.  Marx,  Leland  Stanford  University. 

Treasurer,  C.  A.  AYaldo,  Purdue  University. 

Secretary,  Edgar  Marburg,  University  of  Pennsyl- 
vania. 

The  regular  program  of  papers  was  then  resumed 
with  the  reading,  by  the  Secretary,  of  the  paper  on 
"The  Relative  Distribution  of  the  Instructing  Force 
in  Collegiate  Departments,"  by  Professor  J.  P.  Jack- 
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son.  This  paper  was  discussed  by  Professors  Bull, 
Jacoby,  Waldo,  Marburg  and  Allen. 

Professor  Allen  then  read  a  paper  on  "Methods  of 
Teaching  Engineering :  by  Text-book,  by  Lecture,  by 
Design,  by  Laboratory,  by  Memoir,"  which  was  dis- 
cussed by  Professors  Mees,  Williston,  McNair,  Cald- 
well, Hatt  and  Allen. 

The  presiding  officer  resigned  the  chair  to  President 
Mendenhall  and  the  program  was  continued  with 
the  reading  and  discussion  of  the  following  papers  : 

"A  Catalogue  and  Clipping  Case,"  by  Prof  W.  T. 
Magruder ;  discussed  by  Professors  Bissell,  H.  E. 
Smith,  Jacoby,  Sanborn,  Allen,  Magruder  and  Men- 
denhall. 

"  Engineering  Education  and  Expansion,"  by  Prof 
W.  S.  Aldrich. 

The  meeting  then  adjourned  to  the  afternoon 
session. 

AFTERNOON  SESSION,  2  O'CLOCK. 

President  Mendenhall  in  the  chair. 

The  meeting  was  begun  with  the  reading  b}^  the 
Secretary  of  a  paper  on  "A  Convenient  Laboratory 
Equipment  for  the  Study  of  Direct  Current  Dynamos 
and  Motors,"  by  Professor  H.  B.  Smith. 

Prof  F.  C.  Caldwell  then  read  a  paper  on  "  A  Com- 
parative Study  of  the  Electrical  Courses  Given  at  Dif- 
ferent Institutions." 

This  was  followed  by  the  presentation  of  a  paper  by 
Prof  H.  E.  Smith  on  "  Drawing,  Mechanical  Labo- 
ratory Practice  and  Shop  Work  in  Engineering 
Colleges." 
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The  succeeding  paper  by  Professor  O.  G.  Hood  on 
"  An  Apprentice  System  in  College  Shops,"  was  dis- 
cussed by  Professors  Caldwell,  Hood,  S.  W.  Robinson, 
Aldrich  and  Waldo. 

The  program  for  the  day  was  closed  with  the 
paper  by  Prof  C.  R.  Jones  on  "  Elective  Studies  in 
Engineering  Courses,"  which  was  discussed  by  Pro- 
fessors Bull,  H.  E.  Smith,  Allen,  Sanborn,  Jacoby, 
Hatt,  Robinson,  Caldwell,  Reber,  Aldrich,  Eddy  and 
Mendenhall. 

Prof.  Aldrich  moved  that  the  chair  appoint  a  com- 
mittee to  report  at  the  next  annual  meeting  of  tbe 
Society  on  the  general  subject  of  elective  studies  in 
engineering  courses. 

Prof  Robinson  proposed  as  an  amendment  to  this 
motion,  that  the  question  of  the  appointment  of  such 
a  committee  be  referred  to  the  Council.  This  amend- 
ment was  accepted  and  the  motion,  as  amended, 
carried. 

The  Secretary  announced  that  at  the  last  annual 
meeting,  the  question  of  the  enlargement  and  contin- 
uance of  the  Committee  on  "  Entrance  Requirements," 
and  the  continuance  of  that  on  "  Uniformity  of  Sym- 
bols," had  been  left  to  the  Council;  that  a  letter 
ballot  of  the  full  Council  had  been  ordered,  and  had 
resulted  in  a  vote  favorable  to  the  first  and  adverse  to 
the  second  proposition. 

The  meeting  then  adjourned  till  the  following 
morning. 
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Saturday,  August  19,  1899. 


MORNING  SESSION,  9:30  O'CLOCK. 

President  Mendenhall  in  the  Chair. 

The  proceedings  were  begun  with  the  election  to 
membership  of  the  following  candidates,  whose  appli- 
cations had  been  duly  endorsed  by  the  Council:  Wm. 
A.  Thompson,  Wm.  H.  Browne,  Jr.,  Embury  A. 
Hitchcock,  Nathaniel  W.  Lord. 

The  first  paper  of  the  day,  by  Professor  A.  E. 
Haynes,  on  "  The  Desirability  of  Uniformity  in  the 
Use  of  Mathematical  Symbols  and  Terms  ;  and  How 
to  Secure  such  Uniformity  "  was,  in  the  absence  of  the 
author,  read  by  Professor  Eddy  and  was  discussed  by 
Professors  Waldo  and  Eddy. 

This  was  followed  by  the  reading  of  a  paper  by 
Professor  Albert  Kingsbury,  entitled  "On  the  Nature 
of  Entropy,"  which  was  briefly  discussed  by  Professors 
Eddy  and  R.  S.  Woodward. 

The  literary  exercises  of  the  meeting  were  concluded 
with  a  paper  by  Mr.  F.  W.  Springer  on  ''Direct 
Current  Laboratory  Work  in  an  Electrical  Engineer- 
ing Course/'  which  was  read  by  Professor  Allen. 

The  persons  proposed  for  officers,  by  the  Nominat- 
ing Committee,  at  the  morning  session  of  the  preced- 
ing day,  were  then  elected  by  a  unanimous  vote. 

The  President  announced  that,  by  vote  of  the 
Council,  back  volumes  of  the  Proceedings,  needed  for 
the  completion  of  the  personal  files  of  members,  would 
hereafter  be  furnished  by  the  Secretary  for  $1.50  per 
volume,  postpaid. 
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Professor  Waldo,  Chairman  of  the  Auditing  Com- 
mittee, reported  that  the  Treasurer's  accounts  had 
been  examined  and  found  correct. 

Professor  Marburg  moved  that  the  Council  be  re- 
quested to  consider  the  question  of  the  appointment 
of  a  committee  to  report  upon  the  means  by  which 
the  Society  might  best  assist  in  a  movement  for  the 
promotion  of  industrial  education  in  the  United 
States.     This  motion  was  carried. 

The  meeting  then  passed  a  standing  vote  of  thanks 
to  the  Ohio  State  University,  to  the  Engineers'  Club 
of  Columbus,  and  to  the  Local  Committee  for  the 
many  courtesies  received  at  their  hands. 

The  meeting  was  thereupon  declared  adjourned. 


Report  of  the  Secretary. 

The  Society  enters  upon  its  seventh  year  in  a  vigorous  con- 
dition. Its  membership  is  increasing  steadily;  the  interest  of 
its  members  in  the  work  of  the  meetings  is  greater  than  ever 
before  ;  and  the  Societ3''s  financial  condition  is  such  as  to  be  a 
source  of  satisfaction  to  all. 

The  membership  list  for  the  past  year  shows  two  hundred 
and  forty-four  names,  an  increase  of  eighteen  over  the  previous 
year. 

In  advance  of  fuller  notices  to  be  printed  in  the  Proceed- 
ings, the  Secretar}'  maj^  here  state  that  the  SocietN'  has  lost  by 
death  two  members  ;  John  R.  Wagner,  who  died  January  21, 
1899  ;  Alphonse  X.  Van  Daell,  who  died  March  27,  1899. 

There  have  been  four  resignations  from  the  membership  ; 
thus  the  actual  membership  at  the  beginning  of  this  annual 
meeting  is  two  hundred  and  thirty-eight. 
Respectfull}'  submitted, 

Albert  Kingsbury,  Secretary. 
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Report  of  the  Treasurer. 

The  Treasurer  would  respectfully  report  as  follows  : 

The  total  receipts  during  the  year  1898-1899  from  various 
sources,  as  given  in  the  itemized  statement  herewith,  have 
been  $1367.42  of  which  $567.00  were  for  current  dues. 

There  is  at  present  a  balance  of  $208.68  on  hand  with  prac- 
tically all  bills  paid. 

During  the  year  the  treasury  has  paid  for  the  printing  of 
two  Volumes,  V.  and  VI.,  which  accounts  for  the  unusally 
large  item  for  printing. 

The  item  $220.15,  nearly  four  times  as  large  as  the  cor- 
responding one  for  1897-1898,  shows  a  gratifying  increase  in 
the  demand  for  the  Proceedings  from  outside  sources. 

A  condensed  statement  of  receipts  and  disbursements  for 
the  year  is  appended  herewith  : 

Receipts. 

By  cash  on  hand  August  17,  1898 $  423.72 

By  sale  of  Proceedings 220. 15 

By  reprints  of  papers 35.55 

By  initiation  fees 57.00 

By  past  dues 64.00 

By  current  dues 567.00 

Total $  1367.42 

Disbursements. 

To  stenographer' s  services,  Boston  meeting $  60. 00 

To  printing  Proceedings,  reprints  and  circulars 903.36 

To  postage  and  stationery 15.84 

To  typewriting 38.41 

To  Committee  on  Entrance  Requirements 26.19 

To  Secretary's  expense  account 105.13 

To  revenue  stamps  and  exchange  on  checks 2.71 

To  incidentals 7.10 

To  cash  on  hand 208.68 

Total $  1367.42 

John  J.  Flather,  Treasurer. 
August  17,  1899. 
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Repoet  of  the  Auditing  Committee. 

Columbus,  Ohio,  August  19,  1S99. 
To  the  Society  for  the  Promotion  of  Engineering  Education  : 

Your  Auditing  Committee  find  the  report  of  John  J.  Flather, 
Treasm-er.  to  be  correct  and  that  ■S20S.6S  as  contained  therein 
is  the  true  balance  due  the  Society. 

Signed,  C.  A.  A\'aldo, 

A.  L,  WiLLisToy, 

Auditing  Committee. 


ADDRESS  BY  THE  PRESIDENT. 

PROFESSOR  THOMAS  C.  MENDENHALL, 
President  Worcester  Polytechnic  Institute,  Worcester,  Mass. 

The  Presidency  of  a  Society  which  embraces  in 
its  membership  representatives  of  all  the  leading 
schools  of  engineering  and  apphed  science  in  this 
country  is  an  honor  Avhich  one  may  not  lightly  ac- 
cept or  indifferently  bear.  Although  not  established 
by  its  organic  law,  its  traditions  make  it  the  duty  of 
the  presiding  officer  to  present  an  address  which 
should  be,  in  spirit  at  least,  worthy  of  so  important 
an  occasion.  Happily  for  those  upon  whom  this 
honor  may  fall,  custom  has  not  yet  restricted  or  de- 
fined the  sphere  of  discussion  which  shall  be  thought 
suitable  for  such  a  paper ;  on  the  contrary  one  may 
properly  take  advantage  of  this  oportunity  to  become 
temporarily  a  ronin,  a  free  lance,  attacking  every- 
thing and  everybody,  seeking  only  to  give  full  and 
fair  exposition  of  one's  own  personal,  and,  may  be, 
peculiar  views.  This  is  the  one  compensation  going 
with  the  burden  which  the  Society  insists  must  ac- 
company the  honors  which  it  bestows.  No  apology 
is  needed,  therefore,  for  the  selection  of  a  topic  the 
consideration  of  which  may  seem  more  or  less  irrele- 
vant and  unnecessary  to  some,  and,  perhaps,  unwel- 
come to  others.  In  the  present  instance  the  choice 
is  due  to  a  strong  conviction  that  schools  of  engin- 
eering are,  for  the  most  part,  far  from  doing  their  full 
duty  in  an  important  matter,  namely,  the  inculcation 
and  dissemination  of  sound  views,  both  theoretical 
and  practical,  relating  to  scientific  metrology. 
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We  cannot  ignore  the  fact  that  the  general  pubhc, 
even  the  intelhgent  pubhc,  receives  its  information 
regarding  scientific  and  technical  questions  almost  en- 
tirely from  daily  newspapers  and  popular  magazines, 
than  which,  we  will  all  admit,  there  could  hardly 
be  a  more  untrustworthy  source.  The  wide-spread 
taste  for  sensationalism  by  which  we  are  now  cursed, 
a  taste  which  seems  to  grow  with  the  efforts  made  to 
satisfy  it,  offers  a  premium  upon  anything  startling 
or  revolutionary,  giving  little  heed  to  sober,  every- 
day truth.  If  one-tenth  of  the  wonderful  scientific 
discoveries  that  have  been  announced  with  glaring 
headhnes  in  the  public  press  within  the  last  five 
years  had  actually  been  made  it  would,  indeed,  have 
been  an  epoch-making  period ;  but  fortunately  for 
everybody  they  existed  mostly  in  the  brilliant  imagi- 
nation of  the  space  writers  who  alone  were  benefited 
by  their  publication.  If  this  were  all,  we  could 
afford  to  be  indifferent,  but  there  is  the  further  dis- 
agreeable fact  that  a  large  number  of  intelligent  peo- 
ple are  led  to  look  upon  this  sort  of  thing  as  real 
science  and  few  of  us  have  an  adequate  conception 
of  the  extent  of  this  delusion.  One  of  the  results  is 
that  in  science  as  in  many  other  things,  those  who  do 
the  real  work  of  the  world  fail  to  be  credited  with  it, 
while  the  people  are  lavish  in  their  praise  of  those 
whom  they  believe  to  be  worthy.  Only  a  few  weeks 
since,  I  found  in  an  article  on  teaching  history,  writ- 
ten by  the  Superintendent  of  Schools  in  a  large  city, 
the  names  of  a  quartet  of  Americans  most  distin- 
guished in  war  and  in  peace.  Three  of  the  four  were 
Washington,  Lincoln  and  Franklin.     As  this  is  not 
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meant  to  be  a  humorous  paper  I  will  not  mention 
the  fourth,  contenting  myself  with  saying  that  in 
this  instance  the  newspaper  had  done  its  work  well. 
A  curious  and,  in  my  judgment,  a  seriously  in- 
structive example  of  the  readiness  with  which  people 
accept  newspaper  science  is  found  in  the  attempt 
made  a  year  or  two  ago  to  fix  the  value  of  the  ratio 
of  the  circumference  to  the  diameter  of  a  circle  by 
legislative  enactment.  This  incident  may  be  familiar 
to  some  of  you,  but  it  is  entirely  worthy  of  considera- 
tion by  those  to  whom  is  entrusted  a  large  share  of 
the  instruction  in  exact  science  in  American  Colleges. 
The  legislative  body  involved  was  not  one  of  a  State 
south  of  Mason  and  Dixon's  line,  nor  west  of  the 
Mississippi  River.  It  was  a  body  chosen  by  the 
people  of  one  of  the  greater  states  of  the  Union :  one 
deservedly  enjoying  considerable  distinction,  espe- 
cially in  literary  circles,  on  account  of  the  eminent 
men  it  has  produced  and  also  for  the  excellence  of  its 
educational  institutions.  In  this  legislature,  House 
Bill  No.  246  was  entitled  "A  Bill  for  an  Act  Introduc- 
ing a  New  Mathematical  Truth  *  *  *"  which  truth,  in 
the  second  section  of  said  bill,  turns  out  to  be  that  the 
circumference  of  a  circle  is  just  three  and  one-fifth 
times  its  diameter.  In  the  capital  of  the  state  is  pub- 
lished a  daily  morning  paper  of  unusual  excellence. 
Not  generally  given  to  sensationalism,  its  contents 
are  usuall}^  clean  and  wholesome,  its  news  well  col- 
lected and  arranged,  and  even  a  single  copy  gives  the 
impression  that  it  is  an  example  of  the  better  phases 
of  journalism.  Yet  this  paper  devoted  more  than 
two  columns  of  its  first  page  to  an  exploitation  of  this 
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most  important  discovery,  which  had  been  made  by  a 
physician  Yiving  in  an  obscure  corner  of  the  state.  It 
was  announced  that  the  laws  of  the  quadrature  had 
been  copyrighted  and  that  tliis  newspaper  was  allowed 
to  be  the  first  to  make  them  public,  this  privilege  be- 
ing, Tsithout  doubt,  the  bait  which  caught  the  unin- 
formed editor.  Some  measure  of  his  credulity  may 
be  found  in  his  sober  declaration  that  the  circle- 
squarer's  demonstration  had  been  accepted  by  all 
eminent  mathematicians ;  that  the  "American  ^Mathe- 
matical  Journal,  the  highest  authority  in  the  coun- 
try," had  hastened  to  publish  it  and  this  publication 
instantly  attracted  the  attention  of  the  scientific  jour- 
nals in  Paris,  the  editors  of  which  had  eagerly  sought 
contributions  from  the  author  of  the  discovery.  The 
solution  had  been  copyrighted  in  the  United  States 
and  in  England,  Germany,  Belgium.  France,  Austria, 
Italy  and  Spain.  At  Washington  it  had  won  the  sup- 
port of  the  professors  of  the  National  Astronomical 
Observatory,  Professor  Asaph  Hall,  "'whose  fame  was 
secure  with  the  discovery  of  the  moons  of  Mars,"  be- 
ing especially  dehghted  with  it  and  finding  in  it  a 
complete  explanation  of  a  hitherto  unexplainable 
anomaly  in  the  earth's  motion.  The  desk  of  the  dis- 
coverer was  full  of  letters  fi'om  leading  mathemati- 
cians in  Europe  and  America  and  oiie  from  his  agent 
in  London  proved  that  his  demonstration  had  been 
shown  to  Tyndall  and  Huxley  who  warmly  endorsed 
its  accuracy.  Professors  in  Ann  Arbor  and  from 
Johns  Hopkins  University  had  seen  the  demonstra- 
tion and  declared  it  perfect.  I  leave  to  the  guardians 
of  the  name  and  fame  of  these  institutions   and  to 
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others  referred  to,  the  task  of  ascertaining  just  what 
lineal  descendant  of  Ananias  was  at  that  time  on  the 
editorial  staff  of  this  journal ;  but  the  actual  disposi- 
tion of  the  bill  by  the  legislative  body  is  a  matter  of 
much  interest.  When  first  introduced  it  was  taken 
humorously  by  the  Speaker  of  the  House,  who  hap- 
pened to  be  a  graduate  of  a  Avidely  known  educational 
institution,  and  he  ordered  its  reference  to  the  Commit- 
tee on  Swamp  Lands.  Two  days  later,  however,  the 
great  discoverer  had  a  hearing  before  the  State  Super- 
intendent of  PubUc  Schools  and  the  Committee  on 
Education,  who  at  once  endorsed  the  solution;  the 
Committee  on  Canals  and  Swamp  Lands  reported 
House  Bill  Xo.  246  back,  with  a  recommendation 
that  it  be  referred  to  the  Committee  on  Education; 
the  latter  committee  gave  the  bill  careful  considera- 
tion and  reported  "the  same  back  to  the  House,  with 
the  recommendation  that  the  said  bill  do  pass";  the 
bill  was  called  up  by  the  committee  and,  mirabile 
dictu,  the  bill  actually  passed  that  branch  of  the  legis- 
lature, by  what  was  reported  to  be  a  good,  safe 
majority.  Before  it  actually  became  a  law,  however 
its  character  began  to  be  recognized  and  its  further 
progress  was  arrested.  The  possibility  of  such  an  in- 
cident, at  the  very  end  of  the  nineteenth  century  is  a 
fact  from  which  some  useful  inferences  may  be  drawn 
and  a  just  allotment  of  responsibility  might  well  cause 
some  anxiety. 

But  it  is  not  to  the  particular  kind  of  metrological 
reform  suggested  by  this  incident  that  I  desire  to  ask 
your  special  attention.  Josephus  says  that  Cain 
"  broke  the  tranquiUty  of  the  world  by  introducing 
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weights  and  measures/'  and  it  is  perhaps  not  with- 
out significance  that  the  first  exponent  of  precise 
measurement  was  also  the  first  homicide.  At  any 
rate,  it  will  not  be  denied  that  the  welfare  of  man- 
kind has  been  enormously  afiected  by  the  develop- 
ment of  the  art  of  weighing  and  measuring,  and 
the  importance  of  this  art  has  grown  with  the  per- 
fection and  complication  of  enlightened  society. 
The  systems  of  metrolog\'  in  general  use  among  Eng- 
lish speaking  people  at  the  present  time  have  come 
to  us  from  remote,  almost  prehistoric  time,  through 
Greece  and  Rome,  and  thousands  of  years  have 
passed  without  any  marked  improvement  in  them. 
except  in  the  betterment  of  fundamental  standards, 
the  interrelation  of  which  is  still  as  essentially  illog- 
ical and  unscientific  as  in  the  beginning. 

As  every  one  knows,  the  nineteenth  century  has 
witnessed  a  marvelous  metrological  refonn  among' 
nearly  all  other  races,  and  it  is  of  this  reform,  never 
so  important  to  us  as  just  now,  that  I  propose  to 
speak.  I  am  glad  to  be  able  to  assume  in  the  begin- 
ning that  you  are  all  quite  famihar  with  the  general 
facts  relating  to  this  controversy,  and  I  ask  your  con- 
sideration of  the  subject,  not  because  of  any  lack  of 
knowledge  on  your  part,  but  rather  because  of  my 
behef,  already  expressed,  that  you  and  the  work  you 
stand  for  have  failed  in  a  large  measure,  perhaps 
for  lack  of  interest,  iu  the  active  dissemination 
among  the  general  pubUc,  of  the  principles  and  ad- 
vantages of  a  reformation  of  vital  consequence  to 
their  material  welfare. 

A   brief  review  of  existing  conditions  will   be  of 
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use  to  those  who  have  not  given  the  subject  serious 
thought.     It  is  not  generally  known  that  the  legal, 
fundamental   standards   of  length  and   mass  in  this 
country  are  as  numerous  as  the  States  of  the  Union. 
It  will  not  do  to  say  that  these  are  identical,  for  they 
are  not  and  cannot  be,  and  many  of  their  derivatives 
are  decidedly  different.     There  is  a  w^ide-spread  no- 
tion that  there  is  a  United   States   standard  pound 
which  is  everywhere  legal,  and  a  yard  of  the  same 
authoritative  origin,  but  this  is  an  error,  for  these  are 
only  legal  in  transactions  to  which  the  general  gov- 
ernment is  a  party,  and  then  only  by  authority  of 
the   Secretary  of  the   Treasury.     There   is    but   one 
commodity   which  must  everywhere,  and  always  be 
measured  by  one  standard,  and  that  is  the  coinage. 
And   even   this   is  nominally,  not  actually,  referred 
to  a  material  standard,  legalized  over  seventy  years 
ago,    which   is   obsolete   in   form    and    construction, 
"without  pride  of  ancestry  or  (let    us   be  thankful) 
hope  of  posterity."     Practically,  we  ignore   all   leg- 
islation  in   the   matter   of    fundamentals    and   uni- 
versally accept  standards  of  mass  and   length  from 
two   to   three   prominent  makers   who   have  mostly 
adopted   those   of  the    U.  S.  Office  of  Weights   and 
Measures.     There  is  much  local  legislation,  however, 
on    derived    measures   and   much    confusion    results 
therefrom.     As   an  example,  an  Act  passed   by  the 
State  of  ^Massachusetts  only  five  years   ago  may  be 
cited.     It  legalizes  twenty-six  different  bushels  in  one 
section  while  in  another  it  declares  that  a  bushel  in 
heap  measure  shall  contain  2150.42  cubic  inches,  this 
being   the   volume   of  the   well   known    Winchester 
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bushel  when  flat  or  struck,  as  used  by  the  U.  S. 
Government  and  ahnost  everywhere  in  this  country. 
It  also  legalizes  a  dry  gallon  of  282  cubic  inches, 
together  with  the  liquid  gallon  of  231  cubic  inches, 
which  the  National  Government  uses,  thus  creating 
an  absolutely  unnecessary  and  extremely  annoying 
confusion.  In  one  state  there  is  a  law  that  innkeepers 
''shall  sell  beer  and  ale  by  wine  measure  to  all  per- 
sons as  drink  it  in  their  houses  and  by  beer  measure 
to  all  persons  as  carry  the  same  out  of  their  houses"; 
in  another,  and  this  in  New  England,  it  was  enacted 
comparatively  recently  that  in  measuring  certain  com- 
modities "  one  bushel  and  three  quarters  of  a  peck 
shall  be  deemed  a  bushel."  In  spite  of  legislation  in 
many  states  fixing  the  value  of  a  barrel  at  31  i  gal- 
lons it  contains  in  these  same  states,  almost  invari- 
ably 40  or  42  gallons.  In  one  State  a  gallon  of  milk 
must  contain  231  cubic  inches  ;  in  another  its  capac- 
ity is  fixed  at  282  cubic  inches.  Not  only  is  the 
value  of  a  bushel  when  detei'mined  by  weight  differ- 
ent for  different  commodies,  but  for  the  same  com- 
modity there  is  great  variation  among  different  states 
of  the  Union,  amounting,  in  many  instances,  to  fifty 
and  seventy-five  per-cent.  I  need  not  consume  your 
time  in  relating  the  many  other  inconsistencies  and 
absurdities  inherent  in  our  present  system,  such  as 
the  variety  of  meanings  attached  to  the  word  ton ;  not 
less  than  three  or  four  in  number ;  the  confusion  of 
pounds,  ounces,  etc.;  the  elusive  and  uncertain  mean- 
ing of  perch.  With  all  of  these  and  many  others  3'ou 
are  alread\'  familiar,  and  the  whole  system  is  so  fear- 
fully and  wonderfully  made  that  it   may  be  safely 
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affirmed  that  no  man   lives  who  knows  and  under- 
stands all  of  it. 

Nor  is  it  necessary  for  me  to  consider  the  origin  and 
nature  of  the  system  which  those  interested  in  metro- 
logical  reform  wish  to  see  installed  in  its  place.  Most 
if  not  all  of  you  know  it  very  well  and  have  been  ac- 
customed to  make  use  of  it  in  a  greater  or  less  degree.. 
The  innumerable  advantages  of  a  system  of  metrology 
as  simple  and  as  scientific  as  that  known  as  the  metric 
system  are  now  all  but  universally  admitted.  They 
have  been  ^^Titten  about  and  talked  about  and  learned 
by  actual  use  to  such  an  extent  that  a  presentation  of 
them  here  would  be  a  waste  of  time.  I  prefer  to  briefly 
consider  a  few  of  the  more  important  arguments  that 
have  been  made  against  this  system  or  against  its  use 
in  this  country.  There  is  a  certain  class  of  objectors, 
small  in  number,  quite  unworthy  of  serious  consider- 
ation. Among  them  are  those  who  see  something 
sacred  in  the  yard  and  the  pound,  because  they  are 
relics  of  antiquity,  and  something  inherently  wicked 
in  the  metre  and  the  kilogramme  because  they  origi- 
nated with  the  French  during  the  Revolution  at  the 
close  of  the  last  century.  To  some  of  them  the  very 
mention  of  the  metric  system  is  like  a  red  flag  to  an 
anarchist,  and  two  or  three  of  them  have  published 
elaborate  but  tiresome  arguments  against  the  proposed 
reform,  abounding  in  inaccurate  statements  and  illog- 
ical and  unscientific  propositions.  They  mostly  reveal 
a  condition  of  intellectual  atrophy  over  which  it  is 
but  common  charity  to  draw  the  veil  of  silence. 
There  are,  however,  some  criticisms  of  the  metric  sys- 
tem that  are  entitled  to  the  most  serious  consideration 
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on  the  part  of  its  friends  and  some  of  them  are  urged 
by  those  who  would  gladly  welcome  metrological  re- 
form if  it  came  in  a  way  which  met  with  their  ap- 
proval. The  advocates  of  the  metric  system  not  only 
do  not  wish  to  avoid  rational  criticism  but  they 
heartil}^  desire  it,  believing  that  the  more  widely  it  is 
known  and  discussed,  the  more  its  advantages  are  un- 
derstood, the  more  enthusiastic  supporters  it  will  have. 
One  of  the  commonest  arguments  against  it,  one 
well  known  to  all  of  you,  I  am  sure,  is  that  it  is 
decimal  and  not  duo-decimal  or  binary,  or  based 
upon  some  divisor  other  than  ten.  One  may  admit, 
for  the  sake  of  argument,  that  there  would  be  advan- 
tage in  subdi\dding  a  unit  by  continual  bisections, 
but  the  extremely  limited  area  to  which  this  advan- 
tage would  be  restricted  is  almost  universally  over- 
looked. It  is  forgotten  that  it  is  only  when  measure- 
ments are  the  result  of  estimation  or  judgment  that 
this  superiority  would  be  felt.  This  being  admitted 
it  further  follows  that  the  exercise  of  judgment, 
wherein  bisection  may  possess  an  advantage,  occurs 
only  when  a  single  undivided  unit  is  under  consider- 
ation, and.  who  will  claim  for  a  single  instant  that 
the  difficulty  of  estimating  a  fraction  of  a  unit  is  in 
the  least  dependent  on  whether  that  unit  is  itself  the 
tenth  or  the  eighth  or  the  twelfth  of  another  ?  The 
plain  fact  is  that  if  one  is  contemplating  the  metre  as 
a  u.nit  it  is  just  as  easy  to  think  of  or  to  set  off  a  half 
Cjuarter,  or  eighth  or  sixteenth  part  as  if  it  were  a  yard, 
and  the  same  is  true  of  the  decimetre  or  the  centi- 
metre when  compared  with  the  foot  or  inch.  Indeed 
one  who   is   accustomed   to   use    the  metric  svstem 
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speaks  and  thinks  of  a  half  or  quarter  centimetre  or  a 
half  or  quarter  millimetre  without  the  slightest  em- 
barrassment, never  imagining  that  he  is  in  the  least 
inconsistent  or  "  disloyal "  to  the  decimal  system.  It 
is  curious  that  this  objection  should  be  urged  by  peo- 
ple who  have  long  ago  become  accustomed  to  a  like 
condition  of  things  in  their  currency  and  who  would 
be  extremely  unwilling  to  go  back  to  a  system  non- 
decimal  in  character.  No  one  will  pretend  that  the 
subdivision  of  'a  dollar  offers  any  inconvenience  and 
every  one  knows  that  the  superiority  of  the  decimal 
system  in  currency  is  so  manifest  that  nearly  all  na- 
tions have  adopted  it  in  one  form  or  another.  What- 
ever disadvantages  might  be  anticipated  in  the  use  of 
the  dollar  or  the  metre  with  decimal  subdivisions  are 
involuntarily  destroyed  by  the  natural  tendency  to 
refer  to  smaller  units  rather  than  to  continue  bisec- 
tions. Thus  we  may  talk  of  a  half  metre  or  a  quar- 
ter metre,  but  for  smaller  quantities  the  decimetre  or 
the  centimetre  are  at  once  chosen,  and  when  we  wish 
to  go  below  a  half  of  a  centimetre  the  millimetre 
offers  itself  as  a  convenient  unit.  In  the  same  way 
we  find  no  embarrassment  in  taking  up  the  cent  as  a 
unit  when  it  is  desired  to  go  below  a  quarter  of  a  dol- 
lar. That  the  several  units  thus  used  are  decimally 
related  to  each  other  is  the  one  fact  that  makes  all  of 
this  beautiful  simplicity  possible.  I  have  ventured 
to  elaborate  somewhat  upon  this  point  because  many 
people  are  of  opinion  that  the  f\ict  that  the  radix  is 
ten  and  not  two  is  a  really  serious  objection  to  the 
metric  system.  It  is  believed,  however,  that  careful 
study  of  the  principles  involved,  following  the  lines 
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indicated  above,  will  show  that  this  fact  is  of  no  im- 
portance. And  it  must  not  be  forgotten  that  our 
present  system  is  anything  but  binary  and  that  the 
adoption  of  ahnost  any  radix  would  be  an  enormous 
improvement.  But  above  all  of  this  it  must  be  re- 
membered that  nobody  claims  any  special  virtue  or 
unique  qualities  for  the  number  ten.  It  is  not  be- 
cause it  is  decimal  that  the  metric  system  is  so  far  su- 
perior to  all  others.  That  superiority  rests  on  two 
great  facts,  the  first  of  which  is  that  the  radix  of  the 
s^'stem  is  identical  with  that  of  the  system  of  notation 
and  numeration  now  and  for  many  j^ears  in  use  by  all 
civilized  people.  It  may  well  be  that  a  binary  or 
duodecimal  or  some  other  S3'stem  of  notation  would 
offer  advantages  over  that  which  has  probably  fixed 
itself  upon  us  for  an  indefinite  future,  but  it  is  absurd 
to  argue  that  metrological  reform  must  wait  upon  a 
notational  revolution.  The  probability  of  the  latter 
is  almost  infinitely  small,  at  least  for  centuries  to 
come,  while  already  a  majority  of  civilized  nations 
have  adopted  the  decimal  system  of  weights  and 
measures.  The  other  great  fact  on  which  the  superi- 
ority of  that  system  depends  is  the  beautifully  simple 
interrelation  of  units,  resting  upon  constant  physical 
properties  of  matter.  No  other  system  is  for  a  mo- 
ment comparable  with  it  in  this  respect  and  this 
alone  would  entitle  it  to  consideration  and  adoption 
by  all  progressive  communities. 

I  pass  over  many  more  or  less  trivial  objections  to 
the  metric  system,  all  of  which  have  been  successfulh'- 
answered  many  times,  to  take  up  one  which  is  of  far 
greater  importance  than  all  others,  although  it  is  not 
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really  a  fault  in  the  system  itself.  It  is  urged  that 
the  adoption  of  the  system  in  this  country  must  be 
accompanied  by  very  large  loss,  especially  among 
machinists  and  manufacturers,  of  accumulated  ma- 
terial in  the  form  of  tools,  machines,  patterns,  etc., 
which  have  been  designed  and  made  upon  a  basis  of 
the  foot  or  inch  unit  of  length  and  which  would  be 
rendered  useless  by  the  introduction  of  the  metre  or 
centimetre.  It  is  also  argued  that  there  Avould  be 
great  loss  occasioned  by  the  disuse  of  scales,  balances, 
weights,  etc.,  which  would  necessarily  be  replaced  by 
metric  measures.  On  these  grounds  several  very  able 
engineers  have  based  a  strenuous  opposition  to  the 
proposed  reform  and  their  influence  is  freely  admitted 
to  be  the  most  serious  obstacle  to  its  progress. 

Against  this  argument  a  few  incontrovertible  facts 
are  put.  One  of  these  is  that  only  a  relatively  small 
proportion  of  tools  and  machines  are  in  any  way 
affected  by  the  question  of  sta  ndards ;  another  is  that 
the  life  of  a  tool  or  machine  in  these  days  is  compara- 
tively short,  not  only  on  account  of  deterioration  from 
use,  but  as  well  because  of  continual  improvements 
which  render  designs  only  a  few  years  old  practically 
worthless.  Much  has  been  said  about  the  enormous 
value  of  patterns  for  machinery  and  machine  tools 
which  have  accumulated  during  a  period  of  years  and 
which  would  be  rendered  useless  by  the  introduction 
of  new  standards.  Concerning  this  it  may  be  said 
that  in  many  of  the  most  extensive  manufacturing 
establishments  in  this  countr}',  patterns  once  used  are 
not  considered  as  assets  at  all,  the  chances  being  that 
through  the  rapid  improvement  in  design  constantly 
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going  on  they  will  shortly  become  obsolete.  There  is 
also  the  further  fact,  testified  to  by  some  important 
establishments  in  which  the  metric  system  has  already 
replaced  the  old,  tliat  there  is  almost  invariably  enough 
to  spare  in  a  casting  which  is  to  be  machine-finished 
to  make  it  possible  to  work  it  to  metric  dimensions. 
In  a  similar  way  the  possible  cost  of  the  reform  due 
to  the  necessary  change  in  apparatus  and  standards 
for  weighing  and  measuring  has  been  grossly  over- 
estimated. Balances  will  be,  of  course,  not  affected 
at  all ;  platform  and  other  scales  can  readily  and 
cheaply  be  adapted  to  the  new  units.  Those  who 
have  maintained  a  somewhat  bitter  opposition,  based 
on  this  question  of  cost,  to  all  suggested  legislation 
looking  to  metrological  reform,  seem  to  have  ignored 
two  important  considerations ;  the  first  is  that  the 
thing  which  they  proclaim  to  be  so  difiicult  that  it  is 
practically  impossible  has  already  been  accomplished 
and  many  times,  by  different  European  nations  with 
almost  no  difficulty  and  under  conditions  vastly  less 
favorable  than  those  existing  with  us.  The  second  is 
that  no  reasonable  advocate  of  the  metric  system  ex- 
pects the  transformation  to  be  made  in  a  night,  or  in 
a  month  or  a  year.  The  history  of  the  adoption  of 
our  currency  system  furnishes  a  useful  example  of 
what  may  be  expected.  More  than  a  generation 
elapsed  after  it  became  the  legal  system  of  the  nation 
before  its  use  was  even  approximately  universal. 

There  is  another  objection  to  the  metric  system  im- 
portant enough  to  deserve  examination  and  that  is 
the  alleged  difficulty  of  understanding  it  and  of  be- 
coming accustomed  to  its  use,  and  it  has  been  affirmed 
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that  this  difficulty  would  be  especially  marked  among 
mechanics  and  workmen  of  all  classes  who  make  fre- 
quent use  of  weights  and  measures.  Here  again  we 
may  best  appeal  to  experience.  To  Germany,  Austria, 
Italy,  Spain  and  other  European  nations  outside  of 
France,  the  metric  system  came  as  a  foreign  innova- 
tion, but  nowhere  was  any  serious  difficulty  experi- 
enced. The  same  may  be  said  of  practically  every 
nation  on  the  American  Continent,  excepting  the 
United  States  and  Canada.  Before  a  Parliamentary 
Committee  Siemens  testified  concerning  its  introduc- 
tion in  his  own  works  in  Germany,  that  "  it  was  all  a 
matter  of  about  a  fortnight  or  three  weeks  ;  when  the 
people  were  accustomed  to  it  and  did  not  ask  for  any 
more  of  the  old  measures,  but  asked  for  the  new."  In 
Germany  the  Adopting  Act  was  passed  in  1868,  and 
the  use  of  metric  measures  was  made  compulsory  in 
1872.  Siemens  testified  that  this  actual  adoption 
took  place  mostly  between  January  12,  1870,  and 
January  1,  1872,  and  that  when  the  compulsory  time 
came  there  was  nobody  to  be  compelled.  Other  Ger- 
man testimony  was  of  the  same  character  ;  that  know- 
ing they  had  to  be  ready  when  the  time  came  they  were 
ready  before  the  time  came.  Professor  Foerster,  Chief 
of  the  German  Bureau  of  Weights  and  Measures,  un- 
der whose  direction  the  introduction  of  the  metric 
system  was  made,  has  furnished  us  a  most  interesting 
account  of  how  it  took  place.  In  speaking  of  the 
complaint,  then  common  in  Germany  as  it  has  been 
here,  that  the  metre  was  too  long,  that  ^'  we  can  esti- 
mate by  the  foot  and  not  by  the  metre/'  he  makes 
the    very   suggestive   remark   that    "experience   has 
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shown  that  here  too.  people  have  only  hung  a  cloak 
around  habit  in  order  to  hide  its  nakedness."  You 
are  doubtless  all  aware  that  a  few  yeai-s  ago  in  the 
great  English  engineering  establishment  of  Willans  cfe 
Robinson  the  metric  system  was  adopted  to  the  entire 
exclusion  of  British  measure.  Their  testimony  was 
strongly  in  its  favor  and  showed  that  English  workmen 
very  quickly  adapted  themselves  to  its  use  and  when 
once  they  understood  it.  all  agreed  that  it  was  much 
easier  to  work  to  than  the  English  system.  The  head 
of  their  tool  room  testified  that  "  it  was  a  little  awk- 
ward for  a  time  ''  but  that  this  lasted  only  about  two 
days.  Some  of  our  own  large  manufacturing  estab- 
lishments ha^dng  branches  in  Europe,  such  as  the 
General  Electric  Company,  have  declared  that  they 
found  a  decided  advantage  in  making  and  working  to 
metric  drawings.  Indeed,  there  is  an  ''  embarrassment 
of  riches"'  in  testimony  of  this  kind  and  I  feel  that  I 
ought  rather  to  apologize  for  bringing  any  of  it  before 
this  body.  AVe  may  justly  regard  the  case  as  proven 
and  the  controversy  closed,  except  as  to  the  question 
of  ways  and  means.  If  it  be  affirmed  that  there  is  no 
demand  for  the  change,  I  could  deluge  the  Society 
with  resolutions  of  Chambers  of  Commerce,  Boards  of 
Trade,  Manufacturers'  Associations,  Engineers'  Clubs 
and  Societies,  Builders'  Exchanges,  Architects'  Clubs, 
Pharmaceutical  Associations,  Trades  Unions,  Educa- 
tional and  Scientific  bodies  and  other  pubhc  organiza- 
tions too  numerous  to  even  name.  In  England  the 
past  five  years  have  witnessed  what  is  little  short  of  a 
revolution  of  sentiment  on  this  question,  the  result  of 
an  agitation  originating  not  among  scientific  men  but 
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with  the  so-called  practical  people.  It  is  there,  as  it 
must  soon  be  here,  a  question  of  vital  importance  to 
commerce  and  trade.  The  testimony  of  their  far- 
sighted  consular  agents  in  various  parts  of  the  world 
is  that  British  trade  with  all  nations  except  our  own 
is  sadly  handicapped  by  its  units  of  measure,  and  our 
own  consular  reports  are  of  the  same  tenor.  Within  a 
year  Ave  have  entered  upon  a  new  era  in  our  foreign 
relations.  Our  trade  with  foreign  nations  has  in- 
creased enormously  and  must  increase  still  further  if 
we  are  to  maintain  our  footing.  We  have  already  ab- 
sorbed a  considerable  population  by  whom  the  metric 
system  has  long  been  used  and  our  merchants  and 
manufacturers  are  already  feeling  the  disadvantages  of 
our  antique  and  irrational  measures  of  quantity. 
Fortunately  for  us  our  principal  competitors  are  the 
English,  who  are  carrying  nearly  the  same  burden. 
But  they  have  been  quick  to  recognize  the  necessity 
for  reform  and  in  five  years  they  have  made  more 
progress  towards  it  than  we  have  in  thirty. 

Schools  of  engineering  and  professors  of  engineer- 
ing and  applied  science  can  do  more,  if  they  are  so 
minded,  to  help  their  country  in  this  emergency  than 
any  other  agency  that  I  know  of  They  can  do  it  by 
a  more  liberal  use  of  the  metric  system  in  their  daily 
work.  Electrical  engineering,  by  a  wonderful  stroke 
of  good  fortune,  emancipated  itself  from  this  curious 
slavery  in  the  very  beginning  and  its  astonishingly 
rapid  growth  from  infancy  to  the  vigorous  manhood 
which  it  now  enjoys  is  very  largely  due  to  that  ftict.  In 
the  engineering  college  of  to-day  the  student  in  physics 
and  chemistry  is  brought  into  close  relations  with  the 
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metric  system,  but  when  he  advances  to  his  profes- 
sional studies  in  civil  and  mechanical  engineering 
he  is  too  often  compelled  to  relapse  into  the  exclusive 
use  of  the  foot,  the  pound  and  the  gallon.  I  am  far 
from  recommending  the  abandonment,  at  this  time,  of 
these  useful  units,  but  I  strongh'  urge  the  importance 
of  allowing  them  to  share  their  work  mth  their 
metric  analogues,  and  very  liberally.  Even  if  there 
were  no  other  advantage  there  would  be  an  enormous 
gain  to  the  student  in  compelling  him  to  do  his 
problems  and  his  laboratory  exercises  in  more  than 
one  system  of  units,  than  which  nothing  contributes 
more  to  clearness  of  understanding  and  soundness  of 
knowledge.  If  we  had  begun  this  a  quarter  of  a  cen- 
tury ago  and  kept  it  up,  we  should  be  in  much  less 
danger  of  being  beaten  in  the  race  for  the  markets  of 
the  world  than  we  are  to-day  ;  for  this  system  is 
bound  to  become  universal,  and  in  the  near  future. 
The  prodigious  advantages  which  it  offers  in  its  sim- 
plicity, its  economy  and  its  already  extensive  use  will 
insure  this.  No  body  of  men  can  more  effectively  in- 
fluence public  sentiment  to  an  appreciation  of  this  fact 
than  those  I  now  address. 

One  of  the  ablest  and  most  scholarly  arguments  in 
favor  of  the  Metric  System  ever  made  was  that  of 
Charles  Sumner  in  the  Senate  of  the  United  States 
more  than  thirtv  years  ago.  He  summarized  the 
argument  as  follows :  "A  system  of  weights  and 
measures  born  of  philosophy  rather  than  chance  is 
what  we  now  seek.  To  this  end  old  sN^stems  must  be 
abandoned.  A  chance  system  cannot  be  universal. 
Science  is  universal ;  therefore  what  is  produced  by 
science  may  find  a  home  everywhere." 


METHODS   OF  TEACHING   ENGINEERING: 
By  Text-Book,  by  Lecture,  by  Design,  by  Laboratoey,  by  Memoir 

BY  C.    FRANK  ALLEN, 

Professor  of  Eailroad  Engineering,  Massachusetts  Institute  of  Technology 

Boston,  Mass. 

In  order  to  secure  the  best  engineering  product  in 
any  case,  the  engineer — he  who  follows  the  profession 
of  engineering — must  understand  the  nature  of  the 
material  employed,  the  use  to  which  it  is  to  be  put, 
and,  if  it  is  to  be  a  machine,  the  nature  of  the  article 
it  is  to  produce.  He  must  also  understand  the  meth- 
ods in  use  by  which  the  material  can  be  brought  into 
the  required  form.  In  a  similar  w\ay,  the  engineering 
educator — he  who  follows  the  profession  of  engineer- 
ing teaching — in  order  to  reach  the  best  results,  must 
well  understand  the  nature  of  the  material  he  is  to 
use,  his  pupils ;  he  must  appreciate  thoroughly  what 
his  pupils  shall  be  expected  to  do  after  leaving  his  in- 
struction ;  or  to  follow  the  simile  of  the  machine,  he 
must  understand  the  engineering  works  which  his 
pupils  are  to  design  and  construct  after  graduation. 
But  the  educator  must  also  understand  the  educa- 
tional methods  by  which  his  pupils  are  to  be  rendered 
fit  for  the  work  which  they  are  to  do. 

The  engineering  teacher  then  must  of  necessity  be 
sufficientl}'  an  engineer  to  be  able  to  appreciate  ade- 
quately the  nature  of  the  engineering  works  which 
the  educated  engineer  may  be  called  upon  to  design 
and  to  construct.  *  That  the  teacher  should  be  facile 
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and  expert  in  actually  designing  and  constructing 
such  work  is  not  essential.  Yet  it  is  true  that  actual 
experience  in  engineering  practice  is  and  always  must 
be  of  great  value  to  the  teacher.  The  assurance  that 
it  gives,  to  the  public  and  pupil  alike,  of  competence 
in  this  direction  is  so  important,  that  in  the  future  as 
in  the  past,  it  will  often,  and  with  much  propriety,  be 
insisted  on  as  a  necessary  qualification  for  the  engi- 
neering teacher. 

Furthermore,  it  is  difficult  at  the  best  for  any  one 
to  determine,  without  extended  trial,  the  teaching 
ability  of  a  young  candidate  for  the  position  of  engi- 
neering teacher;  it  is  even  more  difficult,  when,  as  is 
often  the  case,  those  charged  with  the  selection  of 
teachers  are  not  themselves  trained  teachers  and  fail 
to  appreciate  the  importance  of  the  ability  to  teach. 
The  ability  in  engineering  of  a  candidate  for  a  posi- 
tion, may,  on  the  contrary,  have  been  tested,  and  can 
commonly  be  rated  wdth  comparative  ease  and  with 
reasonable  accuracy.  It  is  not  unreasonable  then  that 
engineering  educators  should  have  been  selected  with 
reference  more  to  their  engineering  than  to  their  teach- 
ing ability.  The  tendency  in  this  direction  is  en- 
hanced by  the  fact  that  to  us,  as  engineering  teachers, 
the  problems  of  engineering  often  seem  more  attrac- 
tive than  the  problems  of  education.  With  the  ad- 
vantages of  engineering  experience  so  evident,  and 
the  taste  for  it  so  general,  it  has  naturally  resulted 
that  engineering  teachers  have  received  little  or  no 
formal  instruction  or  training  in  the  study  of  the  ma- 
terial, their  pupils.  Nevertheless,  it  is  true  that  for 
the  proper  understanding  of  the  engineering  student 
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whose  nature  is  not  quite  that  of  boy,  nor  yet  of 
man,  but  somewhat  of  school-boy  and  man  combined, 
and  for  the  adaptation  of  the  instruction  to  the  needs 
of  the  pupil,  both  as  to  substance  and  as  to  methods 
^f  presentation,  the  teacher  is  demanded  rather  than 
the  engineer.  The  writer  will  readily  acknowledge 
that  the  engineer  may  probably  become  a  skillful 
teacher  after  practicing  engineering  if  he  appreciates 
the  importance  of  the  teaching  side  of  his  work,  and 
perhaps  the  desirable  preparation  is  of  this  sort. 

In  the  judgment  of  the  writer  it  admits  of  no  doubt 
that  a  suitable  course  of  study  in  psychology  could  be 
made  of  very  great  value  to  any  of  us  as  an  aid  to 
understanding  human  nature,  and  correctly  judging 
the  character,  the  qualities  and  abilities  of  our  pupils. 
With  this  phase  of  preparation,  however,  this  paper 
does  not  deal.  Neither  does  it  deal,  except  inci- 
dentally, with  another  side  of  the  work  of  teach- 
ing, of  superior  importance,  the  determination  of 
what  subjects,  or  Avhat  part  of  subjects,  shall  form  the 
course  of  study.  This  matter  has  already,  in  many 
cases  and  in  many  ways,  been  treated  with  ability 
before  this  Society. 

The  purpose  of  this  paper  is  rather  to  discuss,  as  a 
part  of  the  work  of  teaching,  the  method  of  pres- 
entation, rather  than  the  substance  of  the  matters 
taught.  Even  here  we  can  hardly  reach  correct  con- 
clusions unless  we  have  an  adequate  conception  of 
what  the  finished  product,  the  accomplished  engi- 
neer, is  to  be,  as  well  of  what  should  constitute  our 
part  in  the  process  of  production.  We  receive  the 
individual  by  no  means  in  the  rough,  and  part  with 
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him,  already  a  useful  implement,  to  be  sure,  but  re- 
quiring a  further  process  to  make  him  thoroughly  fit 
for  the  uses  intended. 

For  the  finished  engineer  there  is  required  suitable 
material  upon  which  to  work.  Upon  this  must  be 
laid  a  theoretical  training  in  the  principles  applicable 
to  engineering,  which  shall  be  sufficient  for  the 
proper  consideration  of  problems  which  he  may 
reasonably  be  called  upon  to  handle  ;  and  to  this 
must  be  added  finally,  experience,  or  a  knowledge  of 
facts  and  details  necessary  for  the  successful  »solution 
of  such  engineering  problems. 

It  is  not  to  be  expected  that  any  engineering  col- 
lege will  so  conduct  its  work  as  to  give  to  any  student  • 
both  the  theoretical  training  and  the  experience 
requisite  for  the  successful  engineer.  What  j^art  then 
in  the  w'ork  of  producing  the  engineer  should  the 
school  undertake  ?  Experience,  as  we  understand  the 
term,  must  be  acquired  in  large  part  outside  the- 
school ;  the  engineering  college  has  neither  the  time 
nor  can  it  have  the  facilities  for  imparting  experience 
to  the  extent,  and  in  the  fashion,  in  which  it  is 
necessary  for  the  thoroughly  successful  practitioner 
in  engineering.  The  school  should  largely,  if  not 
entirely,  avoid  that  part  in  the  preparation  of  an  en- 
gineer which  can  as  well  be  accomplished  outside  the 
school.  It  should  aim  to  do  for  the  pupil  those 
things  necessary  to  him  which  he  can  secure,  either 
not  at  all  or  with  extreme  difficulty  outside  the  school. 

The  material  furnished  in  the  shape  of  pupils  varies 
in  different  cases  as  to  the  amount  and  the  thorough- 
ness of  work  already  jnit  upon  it,  but  the   product 


METHODS  OF   TEACHING  ENGINEERING.  33 

which  the  engineering  college  should  turn  out  as 
graduates  is  young  men  who  shall  have  (1)  a  founda- 
tion training  in  theory  applying  to  engineering,  which 
shall  be  at  all  events  sound  and  effective  as  far  as  it 
goes,  and  if  possible  extensive  enough  to  meet  all  rea- 
sonable demands  in  the  future  at  the  hands  of  those 
requiring  the  services  of  engineers ;  (2)  sufficient  fami- 
liarity with  the  applications  of  theory  to  practice  to 
make  the  former  of  direct  practical  value.  These  two 
constitute  a  foundation  or  preparation  sufficient  to 
combine  with  experience  in  making  an  engineer,  in  so 
far  as  training  in  contradistinction  from  talent  or  ge- 
nius can  make  an  engineer.  There  should  be  added, 
however,  to  secure  the  best  results,  (3)  sufficient  ex- 
perience, or  contact  with  the  apparatus,  processes  and 
materials  of  engineering  to  assure  the  securing  of  posi- 
tions in  w^hich  the  necessary  additional  experience  can 
be  secured  to  supplement  the  training  in  theory  already 
acquired;  (4)  some  knowledge  of  principles,  processes 
and  methods  used  in  connection  with  engineering 
enterprises,  so  that  breadth,  as  well  as  knowledge  of 
detail  in  that  business  may  be  easily  acquired;  and 
(5)  a  general  liberality  of  edacation,  such  as  to  allow 
a  proper  conception  to  be  entertained  as  to  the  rela- 
tions which  any  large  enterprises  connected  with  engi- 
neering bear  to  the  political  and  social  conditions  ex- 
isting in  the  world. 

For  the  substantial  foundation  of  theoretical  train- 
ing, which  is  the  first  requisite  of  the  engineering 
course,  the  text-book  is  well-nigh  a  necessity.  Much 
of  this  work  is  mathematical.  Nearly  all  of  it  must 
be  in  its  quahty  exact.     The  text-book  tends  to  exact- 
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ness  while  the  contrary  is  true  of  the  lecture.  A  fail- 
ure of  exactness  in  the  latter  may  be  chargeable  to  the 
lecturer,  to  the  student  or  to  both.  It  cannot  be  cer- 
tain that  the  lecturer  will  be  exact  in  what  he  gives ; 
it  is  quite  certain  that  the  student  will  often  be  inex- 
act in  what  he  acquires  from  the  lecturer.  So  far  as 
the  subject  requires  the  mastering  of  principles  or  the 
acquisition  of  methods  of  reasoning,  recurrence  must 
often  be  had  again  and  again  to  the  statements  made, 
possibly  in  order  merely  to  understand  them,  certainly 
in  order  to  acquire  a  grasp  sufficient  for  demonstra- 
tion or  for  incidental  use  in  later  operations.  Further- 
more, a  lecture  is  unsatisfactory  unless  directly,  read- 
ily and  clearly  understood.  A  text-book,  on  the  con- 
trary, especially  in  mathematics,  should  often  state 
facts  or  propositions  in  such  sequence  that  a  definite 
effort  is  absolutely  required  on  the  part  of  the  student 
in  order  to  reconcile  a  statement  with  that  which  pre- 
cedes. In  many  mathematical  subjects  the  best  text- 
book is  the  one  which,  in  passing  from  one  step  to  the 
next,  leaves  a  gap  sufficient  to  demand  substantial 
work  from  the  student,  but  which  is  graded  carefully 
enough  so  that  each  step  is  readily  possible.  A  stud- 
ent grows  strong  by  exercise,  by  the  work  he  does  him- 
self, not  by  the  amount  of  material  brought  before 
him,  nor  by  the  efforts  of  his  teacher.  A  common 
error  in  teaching,  from  the  primary  school  up,  is  for 
the  teacher  to  do  overmuch  of  the  work.  The  boy 
who  is  carefully  carried  over  the  stepping  stones 
which  he  should  cross  himself,  is  ill  fitted  for  the  task 
of  making  his  way  through  the  hurdle-race  of  life.  It 
is   to  a  considerable   extent   true   that   necessity  for 
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individual  work  on  the  part  of  the  student  is  the 
measure  of  the  teacher's  success,  and  failure  definitely 
to  require  such  work  in  a  course  such  as  civil  or 
mechanical  engineering  will  be  fatal  to  the  strength 
and  success  of  such  a  course. 

At  an  earlier  meeting  of  the  Society  it  was  stated 
that  "In  pure  mathematics  the  text-book  is  more  im- 
portant than  the  teacher."  Without  endorsing  the 
proposition  in  that  form,  it  is  certainly  true  that  with 
a,  good  text-book  an  ambitious  and  able  student  will 
prosper  either  with  a  very  good  or  with  a  very  poor 
teacher.  In  the  latter  case,  with  nothing  to  hope  for 
from  his  teacher,  he  will  depend  completely  on  his  own 
resources,  and  gain  tremendously  in  strength.  With  a 
teacher  just  bad  enough  to  drag  him  past  his  diffi- 
culties he  may  be  coddled  into  a  state  of  flabby  weak- 
ness. The  text-book,  too,  suggests  the  recitation,  and 
this  in  turn  requires  from  the  student  a  strict  and 
prompt  responsibility  to  the  teacher  as  to  his  improve- 
ment of  his  opportunities  for  study.  While  it  may 
seem  tliat  this  ought  not  to  be  necessary  for  students 
in  the  Junior  or  Senior  years  of  the  engineering  col- 
lege, yet  in  the  experience  of  the  writer  it  is  a  defi- 
nite necessity  in  order  to  secure  the  best  results.  We 
are  in  this  matter  forced  to  act  on  what  is,  rather 
than  what  ought  to  be.  For  many  reasons  the  writer 
firmly  believes  the  text-book  to  be  the  most  important 
of  the  means  to  be  used  in  the  education  of  the  engi- 
neer. 

But  the  text-book  is  insufficient  in  itself.  While 
its  lessons  are  food  of  the  best  sort,  this  needs  to  be 
made  palatable,  and  for  the  best  results  even  in  teach- 
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ing  theory,  the  interest  of  the  student  must  be  stimu- 
lated. In  all  teaching,  in  fact,  it  is  essential  that  the 
interest  be  maintained.  Even  in  athletics  it  is  largely 
recognized  now  that  formal  exercises  are  in  general 
less  eflfective  than  are  athletic  games  where  interest  in 
the  sport  renders  the  work  more  spontaneous  and  in- 
^'igorating.  The  interest  of  the  student,  then,  must 
be  maintained.  The  text-book  is  ill  adapted  to  main- 
tain it,  and  lecture,  laboratory  and  design  must  be 
made  use  of  in  part  to  do  away  vdih  monotony :  in 
part  to  serve  the  necessary  purpose  of  connecting 
theory  with  practice  ;  and  in  part  to  illustrate  and 
to  enforce,  both  by  means  of  repetition  and  by  em- 
phasis, the  valuable  lessons  which  the  text-book  lays 
down. 

The  lecture  is  of  exceptional  value,  in  connection 
with  and  as  a  part  of  the  class-room  work.  A  part  of 
the  exercise  naturally  devoted  to  recitation  may  be 
used  with  advantage  to  explain  points  of  obscurity,  to 
describe  the  practical  applications  of  the  theoretical 
work,  the  dangers  of  misuse,  the  precautions  necessary 
in  securing  data,  the  standard  of  precision  necessary 
in  measuring  or  in  calculation,  or  to  do  whatever  else 
may  serve  to  cause  the  student  to  appreciate  the  mat- 
ter in  hand  in  its  various  bearings.  The  skillful 
teacher  may  in  such  ways  so  thoroughly  vitalize  an 
otherwise  dry  or  almost  dead  subject  as  to  cause  the 
students,  or  many  of  them,  to  be  actuated  by  a  desire 
to  understand  the  subject,  rather  than  to  pui-sue  it 
simply  as  a  required  task. 

Design  serves  a  different  purpose.  Ordinary  prob- 
lems serve  to  give  point  to  class-room  work,  and  if 
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arranged  as  they  can  be,  to  require  from  the  student 
something  more  than  the  substitution  of  values  in  a 
formula,  will  demand  something  of  the  intellectual 
exercise  which  is  desired  to  develop  the  mental  fiber 
of  the  student.  Work  of  a  similar  sort  is  done  most 
excellently  by  the  exercise  in  design.  Its  purpose 
should  be  without  fail  to  enforce  the  theoretical  work 
in  which  the  student  has  been  prepared.  It  is  most 
desirable  that  the  design  should  also  represent  modern 
practice,  and  in  that  way  not  onl}^  connect  theory 
with  practice,  but  also  give  the  student  that  much  of 
useful  knowledge  and  preparation  for  the  actual  prac- 
tice of  his  profession  ;  for  that  can  be  done  for  him 
without  the  loss  of  valuable  time  and  opportunity  for 
training.  It  is  important,  however,  to  bear  in  mind 
that  the  controlling  factor  in  the  selection  of  the  prob- 
lem in  design  should  not  be  the  value  of  the  student's 
result,  but  rather  the  quality  of  the  design  in  intro- 
ducing again,  and  thus  enforcing  the  theoretical  work 
previously  or  contemporaneously  undertaken. 

Oftentimes  an  adequate  understanding  of  a  proposi- 
tion comes  only  from  persistent  repetition.  A  prin- 
ciple of  mechanics  first  taught  in  the  course  in  physics, 
is  repeated  in  applied  mechanics,  forms  a  part  of  the 
instruction  in  a  course  in  bridge  work,  and  finally  be- 
comes definitely  a  part  of  the  student,  perhaps  only 
when  enforced  by  an  exercise  in  design.  A  variation 
in  the  amount  of  design  work  required  of  different 
students  having  the  same  amount  of  text-book  work 
will  show  its  effect  in  the  examination  on  the  latter 
subject.  However  much  we  may  think  that  it  ought 
to  be  unnecessary,  it  will  not  do  for  us  to  shut  our 
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eyes  to  the  fact  that  where  a  definite  understanding 
of  theory  is  necessary,  a  thorough  drill  and  reiteration 
of  principles  is  absolutely  essential. 

Design,  then,  is  valuable  in  enforcing  theory ;  in 
connecting  theory  with  practice  ;  in  giving  to  the  stu- 
dent something  of  the  experience  with  the  2:)rocesses 
and  materials  of  engineering ;  and  in  acquiring 
manual  skill  in  drafting  necessary  to  assure  him  of 
employment  in  positions  where  there  will  be  oppor- 
tunity for  his  experience  to  be  extended  after  gradua- 
tion. Design  is  certainly  of  great  value  as  one  of  the 
methods  of  teaching  engineering. 

What  is  true  of  design  is  also  true  to  a  large  extent 
of  the  laboratory  as  a  method  of  instruction.  As  a 
means  of  fixing  and  illustrating  principles,  it  is  of  in- 
calculable importance  as  an  aid  to  the  teaching  of 
theory.  In  introducing  the  student  to  the  apparatus 
and  allowing  him  the  use  of  materials  of  engineering, 
and  to  that  extent  allowing  theory  and  experience  to 
unite  in  making  him  at  once  to  some  degi'ee  an  engi- 
neer, its  value  is  considerable.  But  the  laboratory 
does  something  more  for  the  student  as  an  educational 
factor,  in  that  it  trains  the  eye  and  hand,  in  addition 
to  the  faculties  developed  by  the  text-book,  and  thus 
largely  adds  to  the  all-round  development  which  is 
necessary  to  the  man  who  is  to  have  a  liberal  educa- 
tion in  its  proper  sense.  The  writer  is  sufficiently  an 
optimist  to  believe  that  the  extraordinary  develop- 
ment in  recent  years  of  the  laboratory  as  a  part  of  the 
engineering  college,  is  due  to  its  intrinsic  merit.  It  is 
nevertheless  true  that  the  older  graduate  engineers, 
the  men  who  have  to  a  large  extent  advanced  the 
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reputations  of  the  institutions  they  represent,  these 
men  had  not  in  any  considerable  degree  the  benefit 
of  laboratory  instruction.  It  will  not  do  to  shut  our 
eyes  to  the  fact  that  the  laboratory  is  a  menace  as  well 
as  a  boon.  Its  work  is  attractive  to  teacher  and  stu- 
dent alike.  The  preparation  it  constitutes  for  the  im- 
mediate usefulness  of  the  graduate  is  such  as  to  en- 
courage its  undue  use,  not  onl}^  in  the  amount  of  time 
granted  for  it,  but  in  the  nature  of  the  work  accom- 
plished. The  laboratory  should  be  used  primarily  as 
an  indispensable  aid  to  the  other  work  of  the  school. 
In  so  far  as  its  work  is  carried  on  either  mainly  with 
reference  to  the  practical  value  of  its  results  (as  in  re- 
search), or  in  order  to  impart  great  facility  in  manipu- 
lation to  the  students,  its  value  as  an  element  of 
teaching  is  largely  destroyed,  and  its  influence  is  dan- 
gerous in  its  tendency  to  interfere  with  what  ought  to 
be  considered  the  more  legitimate  work  of  engineering 
education.  It  will  be  understood,  of  course,  that  the 
field-work  of  civil  engineering  is  properly  regarded  as 
laboratory  work. 

The  memoir,  if  we  may  use  a  word  sometimes  em- 
ployed for  the  purpose,  is  substantially  a  form  of  lab- 
ratory  work  in  which  the  library  is  the  work  room, 
and  books  .on  engineering  become  the  pieces  of  appa- 
ratus used,  and  where  a  certain  subject  is  assigned, 
upon  which  the  student  shall  make  his  report  in  writ- 
ing. The  method,  by  whatever  name  it  may  be  called, 
has  probably  been  less  used  in  connection  with  engi- 
neering instruction  than  with  such  subjects  as  history 
or  economics,  which  are  generally  more  closely  con- 
nected with  literarv  courses.     The  method  has  many 
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points  of  merit.  It  is  ver}"  effective  in  stimulating 
the  student's  interest.  It  calls  for  substantial  and 
discriminating  work  on  his  part,  and  for  the  ex- 
ercise of  mental  faculties  less  often  called  into  play  in 
engineering  courses.  It  makes  him  familiar  in  the 
proper  way  with  the  library,  with  books  themselves, 
materials  from  which  the  engineer  ^^ill  find  it  neces- 
sary to  acc[uire  much  information  and  instruction. 
The  information  he  secures  may  be  made  valuable  to 
him.  As  an  exercise  in  English  this  work  has  a  pe- 
culiar advantage  from  the  fact  that  the  substance  of 
the  subject  \vill  so  occupy  the  student's  mind  that 
the  form  of  expression  A^ill  be  sufficiently  subordi- 
nated to  give  encouragement  to  a  fi-eedom  of  style 
and  individuahty  often  liable  to  be  lost  where  the 
student  is  oppressed  by  the  idea  that  something  spe- 
cial in  the  way  of  hterary  effort  is  expected  of  him. 
Variations  in  detail  of  the  method  of  teaching  by 
memoir  will  reacUly  suggest  themselves.  A  reference 
to  a  subject  in  a  foreign  text-book  or  periodical  will 
render  the  exercise  one  in  language  to  a  greater  ex- 
tent than  if  the  article  be  in  our  native  tongue.  The 
writer  has  for  several  yeai-s  assigned  certain  subjects 
to  his  students  who,  after  preparation  for  the  exercise, 
take  the  platform  and  themselves  lecture  to  the  class. 
If  not  canied  too  far.  this  work  is  profitable  to  the  lec- 
turer and  without  material  sacrifice  to  the  other  stu- 
dents. The  memoir  is  especially  well  adapted  to 
those  institutions  where  smaller  classes  are  possible. 

Thesis  might  perhaps  be  included  as  a  method  of 
instruction.  Its  work,  however,  comes  largely  within 
the  lines  of  methods  classified  as  design,  laboratory 
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or  memoir.  As  an  element  of  instruction  it  has  the 
special  merit  of  developing  the  spirit  of  self-depend- 
ence in  the  student  to  an  extent  not  easily  secured  in 
any  other  way.  It  is  the  writer's  opinion  that  the 
thesis  should,  however,  be  used  primarily  for  its 
teaching  value,  for  its  effect  on  the  student's  educa- 
tion rather  than  as  a  means  of  gaging  the  student's 
ability,  or  for  the  purpose  of  securing  results  of  scien- 
tific value.  In  fact  the  primary  purpose  of  all  teach- 
ing should  be  the  development  of  the  pupil  rather 
than  to  determine  the  measure  of  his  performance. 
The  examination  itself  may  have  more  value  in  re- 
quiring a  review  and  demanding  faithful  attention  to 
duty  and  in  training  the  student  in  the  ability  to 
work  under  pressure,  than  it  has  as  the  test  of  the 
student's  ability  and  faithfulness. 

The  lecture,  too,  deserves  a  larger  place  than  has 
previously  been  given  it  here  in  connection  with 
instruction  by  text-book.  Properly  used,  it  may 
be  made  a  very  important  factor  in  the  education  of 
the  engineer.  Carelessly  used,  it  may  consume  much 
time  with  little  profit.  That  it  can  be  used  to  ad- 
vantage as  compared  with  text-book  work  for  theo- 
retical instruction,  where  exact  knowledge  and  under- 
standing is  required,  the  writer  does  not  believe.  But 
it  is  possible  to  use  it  to  great  advantage  in  bringing 
before  the  student  many  phases  of  practical  engineer- 
ing work  and  methods,  in  such  fashion  as  to  familiar- 
ize the  student  with  the  many  ways  in  which  theo- 
retical considerations  enter  into  the  general  principles 
and  into  many  of  the  details  of  engineering  practice. 
The  principles  underlying  good,  even  advanced  prac- 
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tice,  may  be  brought  to  light,  and  tlie  student  in  this 
way  acquire  directly  from  his  teacher  what  may  prop- 
erly be  called  engineering  experience ;  and,  Avhat  is 
ecjually  important,  he  may  be  so  schooled  in  the  pro- 
cess of  building  his  observations  of  things  engineering 
upon  his  strong  foundation  of  principles  and  theory 
as  to  be  able  later  to  quickly  and  accurately  acquire  the 
true  experience  and  engineering  judgment  by  processes 
with  which  he  has  become  familiar  in  the  lecture. 
Facts  observed  can  be  arranged  in  the  mind  of  the 
educated  engineer  in  proper  order  with  reference  to 
what  he  knows  is  correct  in  theory,  and  an  application 
in  any  case  of  theory  suitable  to  the  existing  facts  will 
thus  be  made  to  form  a  most  important  part  of  what 
is  called  engineering  judgment.  So  far  as  a  lecture 
is  devoted  mainly  to  the  mere  description  of  engineer- 
ing details,  its  value  as  a  means  of  instruction  is  dis- 
tinctly lessened  if  not  destroyed.  It  attempts  to  do 
what  can  as  well,  perhaps  better,  be  done  elsewhere, 
and  it  is  justified,  if  at  all,  mainly  on  the  ground  of 
fitting  the  young  man  for  immediate  employment 
where  opportunity  for  better  things  awaits  him.  It 
hardly  allows  him  to  best  improve  his  opportunity  for 
school  training. 

Where  the  lecture  system  is  adopted  for  subjects  of 
considerable  importance,  five  or  ten  minutes  of  the 
time  allotted  may  be  used  for  the  student  to  give 
'written  answers  to  questions  presented.  The  imme- 
diate accountability  for  an  understanding  of  the  last 
lecture  will  secure  from  the  student  a  different  atti- 
tude of  interest,  and  a  more  definite  understanding  of 
the  subjects  presented. 
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The  lecture  may,  however,  perform  another  func- 
tion and  be  used  in  man}^  courses  somewhat  in  the 
way  of  recreation,  of  relief  from  the  many  severe  sub- 
jects forming  the  course.  Such  a  course  may  be  of 
great  value  though  it  attempt  no  more  than  to  en- 
large the  horizon,  and  cultivate  the  proper  point  of 
view  from  which  to  observe  the  bearing  of  engineer- 
ing upon  large  undertakings,  and  serve  the  purpose, 
already  stated,  of  acquiring  a  proper  conception  of  the 
relations  which  any  large  enterprise  connected  with 
engineering  bears  to  the  political  and  social  conditions 
of  the  country  or  the  world.  As  an  example,  a  course 
in  railroad  management  as  a  part  of  a  strong  course  in 
civil  engineering  may  advantageously  be  conducted 
by  lecture  for  this  purpose. 

Different  subjects  may  properly  be  taught  by  dif- 
ferent methods,  and  the  adoption  of  the  method  used 
in  any  case  may  depend  in  a  large  degree  on  the  char- 
acter of  the  subject,  but  in  some  degree  on  other  con- 
ditions such  as  its  importance  in  the  general  course  of 
which  it  forms  a  part.  The  lecture  course  which 
seems  well  adapted  to  instruction  in  railroad  manage- 
ment as  a  broadening  element  in  an  otherwise  severe 
course  in  civil  engineering  might  demand  the  use  of 
both  text-book  and  memoir  if  the  subject  should  be- 
come one  of  primary  importance  in  a  course  to  pre- 
pare young  men  directly  and  especially  for  railroad 
operating.  The  use  of  different  methods  may  be  jus- 
tified, too,  even  by  the  abilities  and  tastes  of  the 
teacher.  Some  teachers  are  definitely  strong  in  recita- 
tion work  and  decidedly  w^eak  in  lecture.  Others  are 
admirable  lecturers  and  poor  in  recitation.     It  is  often 
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a  matter  of  judgment  not  only  as  to  what  subjects 
shall  be  treated  in  a  general  course,  but  also  as  to  the 
way  in  which  the  subjects  shall  be  treated.  The  range 
of  opportunity  may  be  so  great  that  either  of  scA^eral 
subjects  will  serve  admirably  for  the  purpose  of  both 
training  and  convej^ng  information.  The  lines  in 
many  cases  are  not  rigid.  Some  latitude  may,  with 
great  propriety,  be  granted  to  allow  each  instructor  to 
work  by  that  method  which  allows  him  to  do  the 
most  effective  work  in  reaching  the  student  and  touch- 
ing the  chord  which  will  most  freely  respond  with 
effective  effort. 

While  the  writer  believes  that  teaching  by  text-book 
should  form  the  back-bone  of  a  course  in  engineering, 
he  is  further  convinced  that  the  use  of  various  meth- 
ods, rather  than  any  one  alone,  will  develop  the 
capacity  of  the  students  in  various  directions.  One 
method  will  demand  the  use  of  certain  faculties  and 
another  method  is  calculated  to  develop  latent  powers, 
and  together  these  will  result  in  securing  breadth  as 
W'Cll  as  depth  of  training. 

Similar  results  are  known  to  follow  from  the  con- 
tact of  pupil  with  various  teachers.  Among  the 
most  effective  factors  in  education  in  many  cases 
is  the  inspiration  which  the  student  derives  from 
an  able  teacher.  It  is  also  true  that  no  single 
teacher  brings  out  the  best  there  is  from  every  stu- 
dent, nor  does  any  teacher  act  with  equal  efficiency 
upon  the  various  qualities  of  mind  and  habit  of  any 
student. 

It  follows,  then,  that  the  best  results  are  secured 
when  there  are  a  variety  of  studies,  when  there  are 
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several  methods  of  presentation  used,  and  when  the 
student  is  brought  in  contact  with  a  number  of  teach- 
ers. By  such  means  the  necessary  interest  is  main- 
tained, and  a  broader  and  more  perfect  development 
of  mind  is  assured  than  is  possible  under  a  single 
method  or  under  any  one  teacher.  Among  certain 
advantages  which  the  larger  colleges  of  engineering 
possess  over  the  smaller,  this  should  not  be  under- 
estimated. 

Discussion. 

Professor  Mees  expressed  himself  as  thoroughly  in 
accord  with  the  author's  views,  but  he  thought  that 
one  point  in  connection  with  the  subject  of  laboratory 
work  might  be  emphasized  a  little  more.  He  agreed 
with  the  author  that  a  great  deal  of  the  laboratory 
work  that  was  done  was  useless.  The  laboratory 
could  be  employed  with  beneficial  results  in  connec- 
tion with  the  lecture  room,  but  in  institutions  having 
large  classes  this  became  almost  impossible.  In  such 
cases,  the  apparatus  was  often  set  up  for  the  student 
and  the  work  done  by  the  instructor  or  else  the  stu- 
dent did  little  more  than  to  pull  the  string.  In  the 
speaker's  opinion  that  kind  of  laboratory  work  was 
vicious  and  worse  than  a  waste  of  time.  Again,  he 
thought  it  foolish  that  students  should  be  required  to 
perform  three,  four,  or  five  hundred  identical  experi- 
ments. One  of  the  best  forms  of  laboratory  work  was 
to  give  the  student  some  simple  problem,  well  within 
his  range,  and  tell  him  to  go  to  work  to  solve  it. 
Even  though  the  student  did  nothing  more  than  to 
work  upon  that  one  problem  he  would  be  acquiring 
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knowledge  which  in  his  future  career  would  be  most 
valuable  to  him.  In  conclusion,  the  speaker  wished 
to  thank  Professor  Allen  for  his  excellent  paper, 
which  left  so  little  to  be  said. 

Professor  Williston  said  that  the  last  speaker  had 
touched  upon  a  point  which  had  impressed  him  as 
being  of  particular  importance.  In  the  laboratory 
work  which  had  just  been  described,  it  was  assumed 
that  education  was  a  process  of  development  from 
within,  and  all  the  exercises  were  arranged  ^^4th  a 
view  to  stimulating  the  student  to  do  something  of 
his  own  accord — to  think  and  act  for  himself — instead 
of  having  him  go  through  certain  motions,  become 
famihar  with  certain  operations,  and  learn  to  do  cer- 
tain tasks.  The  speaker  thought  that  the  same  idea, 
so  well  expressed  with  regard  to  laboratory  work, 
would  apply  with  equal  force  to  all  the  four  years  of 
a  college  training ;  to  text-book  work ;  to  lecture ;  and 
to  college  work  in  general.  Everything  that  was 
asked  of  the  student  should  be  carefully  planned  so  as 
to  develop  in  him  spontaneity  and  self-activity  and 
that  we  should  get  farther  away  from  the  old  idea, 
that  the  mind  was  like  a  box  to  be  filled  with  facts  and 
formulas  which  might  be  drawn  upon  at  some  future 
time.  The  essential  purpose  should  be  to  help  the 
student's  mind  to  grow  and  to  make  him  a  larger  and 
broader  man,  rather  than  to  fill  his  mind  with  in- 
formation. 

Professor  McXair  said  that  while  he  thought  the 
paper  was  full  of  good  suggestions,  there  was  perhaps 
no  one  present  who  did  not  feel  that  some  one  of  the 
points  might  have  been  more   strongh^  emphasized. 
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He,  himself,  would  have  liked  to  have  had  a  little 
more  stress  laid  upon  the  lack  of  homogeneity  in  the 
classes  Avith  which  the  teacher  had  to  deal.  He 
thought  that  the  earnest  teacher  would  frequently 
vary  his  methods  according  to  the  apparent  need  of 
the  particular  class,  using  the  lecture  to  supplement 
the  text-book,  or  laying  the  text-book  aside  and  using 
the  lecture  altogether  for  a  time.  He  would  attempt 
to  learn  what  the  condition  of  the  class  before  him 
required  ;  that  what  might  be  necessary  for  one  class 
this  year  might  not  be  best  for  another  class  next 
year,  even  in  the  same  subject ;  that  two  succeeding 
classes  might  require  very  different  treatment.  In 
the  speaker's  opinion  no  teacher  should  commit  him- 
self either  to  the  text-book  or  to  the  lecture,  or  in  fact 
to  any  other  single  method. 

Professor  Caldwell  said  that  the  comparison  be- 
tween the  lecture  and  the  recitation  method  interested 
him  particularly  and  that  he  believed  it  was  a  subject 
which  was  not  given  sufficient  consideration  by  many 
teachers.  It  was  doubtless  more  interesting  to  the 
average  teacher  to  lecture  to  a  class  than  to  ask  ques- 
tions upon  the  subject  from  a  text-book,  and  one  fea- 
ture in  fiivor  of  the  lecture  was  its  value  to  the  student 
in  acquiring  the  ability  of  keeping  notes  systemat- 
ically. The  speaker  said  that  after  leaving  college  a 
great  deal  of  information  had  to  be  obtained  by  word 
of  mouth  and  recorded  in  that  way,  and  the  student 
should,  therefore,  have  practice  in  taking  notes  and 
keeping  them  in  good  shape  for  future  reference.  In 
connection  with  text-book  work,  that  matter  was  likely 
to  be  overlooked.     The  speaker  had  used  the  seminary 
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method   for  two    years   and   had   been   very   much 
pleased  with  the  results  that  had  been  obtained  by  it. 

Professor  Hatt  agreed  heartily  witli  the  views  ex- 
pressed by  Professor  Allen.  He  believed  that  those 
more  especially  interested  in  class-room  work  were  apt 
to  look  with  some  suspicion  on  the  attractions  of  labo- 
ratory work.  He  believed  too  that  it  was  necessary  to 
guard  against  undue  development  of  the  latter.  The 
speaker  had  been  in  the  habit  of  questioning  students 
who  had  come  back  to  college  after  three  or  four  years 
in  practice  to  take  the  examinations  for  post-graduate 
degrees.  He  had  taken  pains  to  ask  what  part  of  the 
college  course  each  thought  had  been  most  beneficial 
to  him,  and  the  answer  had  always  been  that  it  was 
the  theoretical  work  in  mechanics,  thermo-dynamics, 
physics  and  so  on.  In  most  instances  these  were  men 
who  had  not  taken  much  interest  in  theoretical  work 
before  they  had  gone  into  practice.  He  urged  the 
necessity  for  the  same  interplay  between  laboratory 
and  class-room  work  in  technical  subjects  as  existed, 
for  example,  in  the  teaching  of  physics. 

Professor  Allex,  in  closing  the  discussion,  desired 
to  express  to  those  who  had  participated  in  the  same, 
his  appreciation  and  thanks  for  the  additional  light 
which  they  had  thrown  upon  the  subject.  Nearly  all 
of  the  points  suggested  by  the  speakers  he  would  have 
been  glad  to  have  had  brought  to  his  notice  early 
enough  to  have  allowed  their  incorporation  in  his 
paper. 

By  Correspondence. 

Professor  Dugald  C.  Jackson  :  During  the  course  of 
a  decade  we  have  rapidly  advanced  in  the  engineering 
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schools  toward  an  appreciation  of  the  proper  relations 
of  engineering  as  viewed  by  the  magnificent  men  who 
may  be  credited  with  founding  the  profession.  Possi- 
bly the  conception  of  engineering  which  they  lield  is 
fairly  illustrated  in  Tredgold's  good  old  definition, 
"  Engineering  is  directing  the  sources  of  power  in  na- 
ture to  the  use  and  convenience  of  man."  The  engi- 
neer who  follows  the  profession  covered  by  this  wide- 
embracing  definition  must  be  a  man  of  science,  as  well 
as  a  man  of  the  world  and  of  business,  and  a  man 
who  is  w^ell  acquainted  with  the  trend  of  human  civ- 
ilization and  human  aspiration.  To  make  such  a  man 
requires  years  of  the  most  careful  training.  Faraday 
said  that  it  requires  twenty  years  of  work  to  make  a 
man  in  physical  science,  the  intervening  period  being 
one  of  infancy.  How  much  more  effort  must  be  ex- 
pended to  make  not  only  a  man  in  physical  science, 
but  a  man  in  business  and  a  man  in  sociology  as  well ! 
Such  men  were  the  early  great  engineers,  and  their 
far-sightedness  is  illustrated  in  the  present  consumma- 
tion of  that  remark  of  Joule,  "I  can  scarcely  doubt 
that  electromagnetism  will  eventually  be  substituted 
for  steam  in  propelling  machinery."  How  far  Joule's 
views  in  the  future  have  been  fulfilled,  we  all  know. 
What  proportion  of  the  college-bred  engineer  appren- 
tices of  this  day  are  inoculated  with  the  same  broad 
spirit  of  far-sightedness  we  cannot  tell,  but  the  writer 
fears  the  proportion  would  grieve  us  were  it  known. 
We  are  a  people  whose  individuals  prefer  to  command 
great  works  than  to  inscribe  a  Greek  verse,  and  with 
this  the  Avriter  has  full  sympathy,  but  the  force  of  our 
college  training  is  often  broken  by  too  much  bending 
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toward  the  applicability  of  the  methods  of  teaching 
and  the  subjects  taught  to  the  immediate  earning  of 
dollars  by  the  graduates,  while  the  effect  upon  their 
later  development  into  men  of  powder  is  forgottoi]. 

The  abstract  of  Professor  Allen's  paper  shows  so 
just  an  appreciation  of  various  requirements  in  engi- 
neering college  courses,  that  the  writer  overcomes  a 
hesitancy  to  enter  a  discussion  where  there  may  justly 
be  many  conflicting  opinions  regarding  the  merits  of 
the  methods  presented.  The  writer  is  embarrassed 
somewhat  by  the  fact  that  his  views  of  a  true  engi- 
neering college  course  are  decided  and  somewhat  in 
opposition  to  the  practice  of  some  colleges  of  high 
repute;  and  while  he  feels  entire  confidence  in  his 
methods,  which  are  based  upon  the  foundation  of  en- 
gineering experience,  and  do  not  differ  fundamentally 
from  those  used  in  several  of  the  foremost  engineer- 
ing schools,  yet  he  accords  his  colleagues  of  other  col- 
leges who  take  opposing  views  full  credit  for  equal 
desire  to  do  right.  To  the  wi'iter's  mind,  an  'infor- 
mation course,'  so-called,  must  be  superficial  and  so 
be  injurious  to  a  college  student.  "It  is  not  book- 
learning  young  men  need,  nor  instruction  about  this 
or  that,"  so  much  as,  "a  stiffening  of  the  vertebrse 
which  mil  cause  them  to  be  loyal  to  a  trust,  to  act 
promptly,  concentrate  their  energies,  do  the  thing  re- 
quired " — and  to  do  it  of  their  own  initiative,  using 
their  own  powers  of  thought.  The  student  must  be 
inspired  and  taught  to  work  for  himself  in  the  man- 
ner used  by  George  Stephenson  when  instructing  his 
assistants  and  pupils.  "Learn  for  yourselves,"  said 
he,  "think  for  yourselves,  make  yourselves  masters  of 


METHODS  OF  TEACHING   ENGINEERING.  51 

principles,  persevere,  be  industrious,  and  there  is  then 
no  fear  of  your  success."  In  the  writer's  opinion  the 
criterion  of  success  of  a  college  course  in  engineering 
which  is  frequently  applied,  especially  in  the  West — 
that  is,  a  judgment  based  upon  the  rate  of  pay  re- 
ceived by  the  men  immediately  upon  leaving  college 
— is  entirely  erroneous,  though  the  criterion  seems  to 
be  endorsed  at  some  of  our  schools  of  engineering. 

Our  college  graduates  should  properly  be  looked 
upon  as  apprentices  in  the  engineering  profession. 
They  should  become  thinkers  in  college,  capable  of 
usefully  applying  their  scientific  knowledge  therein 
obtained;  and  should  be  expected  to  become  engi- 
neers through  experience  in  applications  of  knowledge 
in  a  manner  which  may  only  be  gained  in  apprentice- 
ship in  the  industries,  similar  to  the  office  and  hos- 
pital apprenticeships  of  the  budding  young  lawyers  or 
doctors.  Four  years  is  but  a  small  part  of  Faraday's 
period  required  '*  to  make  a  man  "  in  the  physical 
sciences,  and  in  so  short  a  period  only  the  foundations 
for  our  man  can  be  laid.  "  There  is  a  great  difiference 
between  reading  and  study ;  or  between  the  indolent 
reception  of  knowledge  without  labor,  and  that  eftbrt 
of  mind  which  is  always  necessary  in  order  to  secure 
an  important  truth  and  make  it  fully  our  own,"  said 
Joseph  Henry ;  and  the  college  course  in  engineering 
should  be  bent  toward  such  a  complete  and  true  pres- 
entation of  thorough  science  and  truth  that  the  stu- 
dent is  incited  to  permanently  secure  it  for  himself 
and  make  it  fully  his  own,  and  it  may  then  be  put  to 
valuable  use  in  future  practice.  The  writer  would 
gladly  be  judged  of  the  success  of  his  teaching  by  the 
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success  attained  by  his  students  after  years  of  practice, 
but  let  no  judgment  be  passed  upon  the  basis  of  wages 
received  during  the  year  after  graduation.  Our  engi- 
neering college  teaching  may  be  properly  condemned 
if  it  does  not  plant  the  methods  of  thought  that  ^^ill 
grow  more  valuable  with  the  years,  and  indeed  become 
most  valuable  only  after  a  mature  development. 

The  engineering  course  should  not  be  too  formal  or 
limited  to  the  didactic  methods  used  of  old  in  the  in- 
struction in  classics.  Professor  Tait  speaks  the  views 
of  the  scientist  when  he  says:  ''  It  is  better  to  have  a 
rough  climb  (even  cutting  one's  steps  here  and  there) 
than  to  ascend  the  dreary  luonotony  of  a  marble  stair- 
case or  a  well-made  ladder.  Royal  roads  to  knowledge 
reach  only  the  particular  locality  aimed  at,  and  there 
are  no  ^'iews  by  the  wa}^  It  is  not  on  them  that  pioneers 
are  trained  for  the  exploration  of  u nhiown  regions.'"  The 
truth  of  this  proposition  has  been  discovered  of  late 
years  by  even  the  most  ardent  classicists,  and  those  of 
us  who  are  untrammeled  by  traditions  and  are  aided 
b}"  the  •influence  and  example  of  the  old  engineers 
should  most  fully  appreciate  this  fine  precept  of  a 
great  mathematician  and  philosopher. 

To  the  engineering  student  in  college,  the  labora- 
torv  is  of  inestimable  value.  In  it  he  can  learn  the 
true  relations  between  science  pure  and  science  ap- 
plied. He  can  learn  to  reason  truly  from  cause  to 
effect.  His  mind  can  be  developed  less  trammeled 
than  in  the  class  room,  and  the  inspiration  to  inde- 
pendent thought  may  be  more  readil}"  given  deep 
root.  ''Eveiy  branch  of  engineering  is  becoming 
rooted  more  firmly  to  the  scientific  bed-rock  upon 
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which  it  rests,"  and  the  engineer  must  be  a  man  of 
scientific  instincts,  scientific  thought,  and  scientific 
methods,  besides  being  a  man  of  business.  He  must 
have  learned  with  the  scientist  that  the  price  of  suc- 
cess is  constant,  concentrated  effort.  All  this  can  be 
taught  better  in  the  laboratory  than  in  the  class  room. 
Said  Mr.  Hart  in  the  Atlantic  Monthly  not  long  since, 
"  Genius  is  nine  parts  character.  The  prize  is  to  him 
who  dares,  not  merely  to  him  who  can."  In  the 
laboratory  the  student  may  he  inspired  to  dare.  ''No 
printed  page  can  do  the  work  of  heart  and  hand 
and  speaking  voice,"  and  student  and  instructor  may 
meet  more  nearly  upon  an  even  plane  in  the  labora- 
tory than  in  the  class  room.  A  spirit  of  indifference 
which  may  readily  be  bred  in  the  class  room,  and 
which  is  ruinous  to  success  and  happiness  in  life,  can- 
not exist  in  the  laboratory  that  is  properly  adixdn- 
istered. 

It  must  not  be  thought  that  I  do  not  give  adequate 
place  to  the  class-room  lecture  and  the  text-book 
work ;  the  laboratory  work  should  be  carried  on  in 
unison  w^ith  and  fortify  the  w^ork  of  the  class-room. 
A  power  may  be  had  through  it  which  cannot  be 
gained  in  the  more  formal  meetings,  and  I  would 
have  at  least  one-half  of  the  time  consumed  by  stu- 
dents in  the  study  of  applied  science  or  engineering 
spent  in  properly  supervised  laboratories.  The  work 
in  the  laboratories  should  be  of  a  strictly  scientific 
character.  The  application  of  the  forces  of  nature  to 
the  use  and  welfare  of  man  requires  a  profound 
knowledge  of  science  and  scientific  methods.  And 
every  well-trained  engineer  must  hold  the  greatest 
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sympathy  with  pure  science  iu  every  branch,  for  he 
clearly  understands  that  ultimately  it  will  all  come  as 
grist  to  his  mill. 

In  this  nation  the  industrial  pursuits  are  engineer- 
ing pursuits  and  in  the  present  juncture — after  the 
laws  of  mechanics — the  laws  of  electricity  seem  to  be 
of  the  most  importance  to  the  industrial  engineer.  I 
would  therefore  give  gi'eat  weight  and  strength  to  the 
electrical  laboratories.  While  the  subjects  particularly 
taught  are  not  of  so  much  importance  as  the  effect  upon 
the  student's  powers  ("Victory  is  for  the  people  who 
see  things  as  they  are  ^^-ithout  illusion,  who  do  not 
take  phrases  for  facts"),  the  well-planned  laboratory 
coui-ses  in  applied  electricity  serve  excellently  to  give 
that  clear  sight  of  "things  as  they  are"  which  is  essen- 
tial to  success. 

The  electrical  laboratories  in  the  various  colleges 
have  as  a  whole  been  handled  by  men  of  gi*eat  enthu- 
siasm and  enterprise,  and  for  that  reason,  possibly, 
better  results  have  come  from  instruction  in  the  elec- 
trical laboratories  than  in  some  other  branches.  But 
even  upon  an  equal  basis  of  enthusiasm  and  enterprise 
in  the  instructors,  there  is  a  wider  variety  and  hveher 
interest  in  the  problems  that  may  be  set  before  the 
student  in  the  electrical  laboratories,  and  hence  the 
electrical  laboratories,  if  properly  administered,  can- 
not fail  to  be  of  unusual  advantage. 


THE  ENGINEERING  EDUCATIONAL  VALUE  OF  A 
REFRIGERATING  PLANT. 

BY  WM.  T.  MAGRUDER, 
Professor  of  Mechanical  Engineering,  Ohio  State  University,  Columbus,  Ohio. 

The  value  of  a  piece  of  educational  apparatus  is  pro- 
portional to  the  amount  of  instruction  and  experience 
which  it  can  aid  in  imparting  to  the  student,  and  to  the 
use  which  can  be  made  of  it  for  advancing  and  increas- 
ing knowledge ;  or,  in  a  word,  to  the  amount  of  knowl- 
edge which  it  can  disseminate  and  add  to  the  world's 
stock.  In  the  early  days  of  technical  education,  a  few 
pieces  of  costly  apparatus  and  a  lot  of  makeshifts  con- 
stituted the  equipment.  The  small  commercial  engine 
then  answered  for  instruction  in  steam  engineering. 
Now,  the  elaborate  and  more  expensive  types  of  high- 
pressure,  triple-expansion,  condensing  engines  are  de- 
sired where\vith  to  impart  and  illustrate  the  nicer 
points  of  theory  and  practice.  Then  we  had  nothing  in 
the  way  of  refrigeration  machinery,  and  the  gas  engine 
was  but  a  foreign  toy,  a  French  novelty.  Since  that 
day,  science  has  advanced  and  commercial  needs  have 
pushed  the  practical  applications  of  science  so  rapidly 
that  we  are  to-day  in  the  subject  of  refrigeration  where 
we  were  in  steam  engineering  twenty  or  twenty-five 
years  ago.  Large  refrigerating  plants  are  to  be  found 
in  the  breweries,  abattoirs  and  ice-factories  of  all  our 
cities,  and  smaller  ones  are  to  be  found  in  the  hotels 
in  many  cities.  They  are,  however,  so  connected  up 
with  other  machinery,  that  it  is  extremely  seldom 
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that  a  performance  test  can  be  made  on  account  of  the 
difficulty  in  disconnecting  the  refrigerating  from  the 
heating,  pumping  and  power  systems  of  the  plant. 
Ordinarily  a  capacity  test  is  more  than  sufficient ;  the 
rated  capacity  is  almost  invariably  obtained ;  and  the 
results  as  to  cheapness  and  ease  of  manipulation  are 
so  satisfactory  that  the  purchaser  goes  no  further  in 
his  tests.  Scientific  tests  are  rarely  made  except  by 
enthusiastic  experts. 

Within  the  past  few  years,  however,  the  dairy  and 
creamery  industry  of  the  country  has  found  that 
mechanical  refrigeration  was  much  more  satisfactory, 
efficient  and  economical  than  was  the  use  of  ice,  even 
in  our  more  northern  states  where  a  plentiful  and 
cheap  supply  of  ice  can  be  easity  gathered  every  win- 
ter, and  hence  there  has  been  a  demand  for  small 
machines  of  from  four  to  ten  tons  capacity.  Here 
again  commerce  has  pushed  science,  and  so  the  agri- 
cultural colleges  of  our  state  universities  are  beginning 
to  introduce  the  use  of  the  ammonia  compression  sys- 
tem of  mechanical  refrigeration.  Here  then  is  a 
chance  for  the  engineering  colleague  of  the  professor 
of  agriculture  to  adapt  himself  to  circumstances  most 
favorable,  and,  accepting  the  good  fortune  of  his  agri- 
cultural brother  as  his  own,  obtain  permission  to  use 
the  full-sized  commercial  refrigerating  plant-boiler, 
engine,  pump,  injector,  ammonia  compressor,  con- 
denser, expansion  valves  and  refrigerating  coils — as 
engineering  laboratory  apparatus ;  make  provision  in 
the  installation  of  the  plant  for  the  necessar}^  ther- 
mometer cups,  ammonia  indicator  and  metering  de- 
vices ;  and  be  prepared  to  make  more  or  less  complete 
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and  scientific  tests  of  the  same  at  but  a  small  expendi- 
ture for  apparatus  of  the  limited  funds  of  his  depart- 
ment. There  need  be  no  conflict  as  to  times,  provided 
the  engineer  and  his  students  can  work  at  nights. 
The  agriculturist  should  and  will  be  very  thankful 
for  the  data  obtainable  which  will  assist  him  in  de- 
creasing his  costs  and  increasing  his  profits. 

Within  the  past  two  years  the  Ohio  State  Univer- 
sity has  passed  through  the  above  history,  and  it  is 
thought  that  our  experience  may  be  helpful  to  some 
of  our  fellow-professors  elsewhere  when  their  turn 
may  come.  Much  credit  is  due  and  is  hereby  ac- 
corded to  Professor  T.  F.  Hunt,  Dean  of  the  College 
of  Agriculture,  for  his  skill  and  foresight  in  the  in- 
stallation of  this  plant ;  and  the  thanks  of  the  de- 
partment of  Mechanical  Engineering  are  tendered 
him  for  the  opportunities  offered,  permitted  and  em- 
braced. 

The  refrigerating  and  power  plant  of  the  dairy 
laboratory  of  the  College  of  Agriculture  consists  of 
one  40-inch  by  12-foot  horizontal,  return-tubular 
boiler  containing  thirty  tubes  3i  inches  in  diameter. 
The  boiler  is  supplied  with  water  by  an  injector. 
Knowing  the  quality  of  the  steam  at  the  injector  and 
its  temperature,  and  the  temperature  and  amount  of 
water  delivered,  and  the  temperature  of  the  delivery, 
the  theoretical  quantity  of  steam  consumed  may  be 
determined,  and  the  error  corrected  for  by  compari- 
son with  tests  on  the  same  injector  in  the  regular  in- 
jector testing  apparatus  in  the  laboratory.  The  ca- 
lorific value  of  the  coal  was  determined  by  a  Mahler 
calorimeter  in  the  department  of  metallurgy. 
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To  the  boiler  is  connected  a  high  speed  automatic 
cut-off  engine  which  is  used  for  power  purposes  and 
which  can  be  entirely  disconnected  during  tests  of  the 
refrigerating  plant.  The  boiler  supplies  steam  to  a 
7  X  10,  two-hundred  revolution  per  minute,  throttling 
engine.  The  engine,  by  a  6-inch  belt  from  its  20- 
inch  belt  pulley,  drives  a  6  x  7,  double-acting,  six- 
ton,  horizontal,  ammonia  compressor  at  one  hundred 
revolutions  per  minute.  The  refrigerating  machinery 
was  made  and  installed  by  the  A.  H.  Barber  Manu- 
facturing Company,  of  Chicago.  The  linear  clear- 
ance of  the  compressor  is  one  thirty-second-inch. 
The  compressed  ammonia,  passing  through  the  oil 
separator,  is  condensed  in  an  open  submerged  conden- 
ser containing  130.9  square  feet  of  cooling  surface  in 
1-inch  pipes.  The  condensed  and  liquefied  ammonia 
is  collected  in  a  receiver  below  the  condenser  whence 
it  passes  through  a  special  Worthington  ammonia 
meter  on  its  way  to  the  expansion  valves  in  Towns- 
hend  Hall.  The  refrigerating  surface  is  distributed 
as  follows :  72.1  square  feet  in  the  cold  room,  67 
square  feet  in  the  water  cooling  coils  and  146.6 
square  feet  in  the  cheese-curing  room. 

In  testing  the  plant,  the  American  Society  of  Me- 
chanical Engineers'  code  for  testing  boilers  was  fol- 
lowed ;  flue  gases  were  not  analyzed,  but  their  tempera- 
ture and  suction  were  taken.  Indicator  cards  were 
taken  from  the  engine  every  ten  minutes  and  the  indi- 
cated horse  power  of  the  engine  so  determined.  The 
quality  of  the  steam  was  taken  at  the  engine  and  at 
the  injector  by  Barrus  calorimeters  and  the  losses  by 
same  deducted.     The  engine  was  charged  with  all  the 
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steam  fed  by  the  injector  to  the  boiler  less  the  calcu- 
lated amount  of  steam  used  by  the  injector,  and  less 
the  amounts  wasted  by  the  two  Barrus  calorimeters. 
All  other  connections  had  been  disconnected  or 
capped. 

Indicator  cards  were  taken  every  ten  minutes  on 
the  ammonia  compressor,  using  a  Crosby  ammonia 
indicator.  For  the  best  working  of  the  compressor 
the  clearance  must  be  a  minimum,  hence  the  indica- 
tor connections  must  be  as  short  as  possible.  The 
connections  are  s-inch  diameter  in  the  cylinder,  and 
the  indicator  straight  cock  should  be  screwed  di- 
rectly into  the  cylinder,  and  its  opening  made 
not  over  i-inch  diameter.  There  should  be  abso- 
lutely no  copper  alloys  used  in  any  place  where 
ammonia  or  ammonia  fumes  can  get  to  them. 
Even  the  outside  washer  on  the  plug  of  the 
ammonia  indicator  cock  was  eaten  away  so  that  it 
became  brittle  and  broke.  This  is  a  point  which 
people  know  theoretically  and  which  is  in  all  the 
books  on  the  subject,  but  which  no  less  than  three 
makers  of  ammonia  machinery  and  apparatus  forgot 
when  they  shipped  to  us  goods  made  of  brass  and 
especially  ordered  and  made  to  be  used  with  ammo- 
nia. In  measuring  the  amount  of  ammonia  circu- 
lated, a  special  five-eighth-inch,  extra  heavy,  cast- 
iron  and  steel,  Worthington  meter  with  special  small 
plungers  so  designed  as  to  register  quantities  as  small 
as  one  gallon  per  minute  was  used.  The  meter  was 
calibrated  in  the  laboratory  when  delivering  the  same 
quantities  of  water  at  the  same  pressures  as  it  was 
used  for  with  ammonia. 
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Two  methods  of  computing  the  ammonia  from  the 
indicator  cards,  and  also  one  method  from  the  heat 
taken  up  by  the  condenser,  were  used,  but  did  not  at 
all  agree.  Temperatures  were  "measured  with  Henry  J. 
Green  thermometers  before  and  after  passing  the  com- 
pressor, the  condenser,  the  three  expansion  valves  and 
on  leaving  the  three  sets  of  refi'igerating  coils.  The 
condensing  and  jacket  waters  were  weighed,  and  their 
temperatures  before  and  after  were  taken.  The  ther- 
mometers were  immersed  in  mercury  placed  in  sohd 
steel  thermometer  cups  made  with  walls  one-sixteenth 
inch  thick  screwed  into  ordinary  heavy  cast-iron  fit- 
tings, chiefly  Y's.  So  far  we  have  had  no  accidents 
and  have  no  reason  to  regret  that  we  did  not  put  in 
special  ammonia  fittings  at  ten  to  twenty  times  the 
cost  of  ordinary'  cast  iron  fittings. 

The  methods  of  calculating  the  results  are  the  same 
as  are  given  in  Wood's  Thermodynamics  and  in  the 
Transactions  of  the  American  Society  of  Mechanical 
Engineers  and  need  not  be  repeated  here. 

As  an  experimental  engineering  laboratory  exercise 
and  as  a  "test  of  plant,''  the  test  of  an  ammonia  re- 
frigerating plant  is  complete,  containing  as  it  does  the 
direct  and  reversed  cycles  of  energy,  and  the  use  of 
the  heat  so  dissipated  in  the  condenser  in  absorbing 
more  heat  in  the  refrigerating  coils.  Furthermore,  it 
offers  a  practical  illustration  which  seems  to  be  quite 
easily  grasped  by  the  student,  of  what  is  meant  by  the 
liquid,  vaporous  and  gaseous  conditions  of  a  substance. 
A  student  who  can  direct,  or  can  make  a  complete 
test  of  a  refrigerating  plant,  and  can  calculate  all  the 
results,  has  a  good  working  grasp  of  practical  ther- 
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modynamics.  As  a  field  of  engineering  research,  the 
use  of  ammonia  refrigerating  machinery  opens  up  new 
problems,  and  new  chances  for  original  theses.  As  a 
chapter  in  thermodynamics,  it  forms  the  capstone, 
knits  the  various  preceding  chapters  into  one  har- 
monious whole  and  provides  ample  ilhistrations  and 
mathematical  exercises.  As  a  chapter  in  applied 
physics,  it  covers  a  range  of  from  — 30°  F.  to  the 
temperature  of  the  furnace  gases,  specific  gravities  of 
gases  and  hquids,  the  anhydrous  condition  of  the  am- 
monia, and  the  more  difficult  subject  of  specific  heats. 
For  these  reasons,  therefore,  the  use  of  such  ap- 
paratus is  recommended  to  the  mechanical  engineer- 
ing members  of  the  Society. 


AN   APPRENTICE  SYSTEM   IN    COLLEGE  SHOPS. 

BY  OZXI  P.  HOOD, 

Professor  of  Mechanical  and  Electrical  Engineering,  Michigan  Collie  of 
Mines,  Honghton,  Mich. 

The  title  of  this  paper  names  an  expedient  used  to 
increase  the  usefulness  and  efficiency  of  a  manual 
arts  shop  in  a  State  Agi'icultural  and  Mechanical 
College.  I  wish  to  give  briefly  the  opinions  which 
led  me  to  the  trial  of  an  apprentice  system,  to  note 
some  results,  and,  while  expressing  a  behef  that  the 
plan  I  suggest  is  worthy  a  trial  in  many  places,  to 
deny  at  once  any  universal  appUcabihty. 

The  ideals  of  the  shop  in  Cjuestion  were  near  those  of 
the  Worcester  Polytechnic  Institute,  but  lacked  the  fea- 
tures of  commercial  competition.  It  was  beheved  that 
shops  \\'ithout  the  Ufe  and  movement  of  a  real,  produc- 
ing organization  lacked  a  most  essential  atmosphere 
and  that  a  sacrifice  of  time  and  money  was  warranted 
in  providing  a  variety  of  work,  continuous  running, 
and  a  hfe  not  dependent  upon  the  presence  of  students. 
It  is  usually  agreed  that  a  small  commercial  shop,  be- 
cause of  its  variety  of  work  and  continual  call  for  in- 
genuity, is  a  better  place  for  training  than  the  highly 
speciahzed  manufacturing  plant.  A  rigid  adherence 
to  a  system  of  problems  throughout  a  shop  course, 
unaccompanied  by  any  other  constructive  work  comes 
entirely  too  near  furnishing  the  limited  field  of  view 
of  the  manufacturing  plant  T\'ith  its  unending  same- 
ness of  conditions  and  results.  It  was  considered  by 
no  means  desirable  to  dispense  vrith.  the  advantage  of 
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a  carefull}^  graded  plan  of  work.  While  a  system- 
atized course  formed  the  basis  of  all  instruction,  it 
was  desired,  whenever  possible,  to  substitute  for  set 
problems  some  work  of  a  similar  grade  taken  from  a 
variety  of  ever-changing  practical  work.  When  such 
work  was  not  available,  recourse  was  had  to  the  stock 
problems  which  were  freely  used  early  in  the  courses 
but  seldom  later. 

Such  a  plan  requires  a  considerable  variety  of  use- 
ful building.  The  expansion  of  a  department  and  its 
cooperation  with  other  college  interests  will  usually 
furnish  sufficient  opportunity.  Those  who  have  tried 
to  build  machines  in  college  shops  have  felt  the  need 
of  some  means  of  finishing  those  parts  beyond  the 
reach  of  student  skill  or  requiring  much  repetition, 
or  labor,  at  a  time  when  that  of  students  is  not  avail- 
able. It  is  this  need  which  furnishes  one  of  the 
greatest  objections  to  the  poUcy  of  building  things  in 
such  shops.  If  the  need  is  met  by  departing  from 
true  ideals  of  instruction,  the  system  becomes  vicious 
and  the  shop  fails  to  furnish  its  greatest  opportunity. 

If  machines  are  to  be  built,  the  problems  furnished 
by  each  design  should  be  gi-aded.  They  should  be 
given  to  students  in  a  reasonable  order  as  to  instruc- 
tive value  and  requisite  skill.  Such  grading  and  se- 
quence is  not  difficult  during  the  early  part  of  con- 
struction when  there  is  a  great  variety  of  choice,  but 
becomes  serious  as  the  work  progresses.  The  easy  and 
well  graded  part  of  the  work  is  soon  complete  and 
one  is  left  with  portions  unsuited  to  the  skill  or  needs 
of  the  student.  By  supplying  a  considerable  variety 
of  construction,  work   of  a   suitable   grade   may  be 
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found  at  any  time  ;  but  with  variety  comes  increased 
difficulty  in  bringing  to  a  finish  anything  without 
help,  at  the  right  time,  more  skillful  than  that  of  stu- 
dents. Again,  a  shop  whose  only  hfe  is  that  fur- 
nished by  the  presence  of  students  and  whose  grade 
of  work  is  that  established  by  the  average  student 
ability  does  not  furnish  the  best  conditions  for  growth. 
Students  lack  the  opportunity  of  measuring  them- 
selves against  those  more  skillful,  and  obtain  distorted 
opinions  of  their  own  abihty.  They  lack  opportunity 
for  observing  the  numberless  methods  and  manners 
of  real  shop-Ufe.  the  real  capacity  of  tools,  the  hand- 
hng  of  men,  the  attitude  of  employees,  foremen  and 
other  ofiTcers.  To  meet  these  various  difficulties  would 
reciuire  a  body  of  more  skillful  workers  continuously 
employed,  furthering  work  not  dependent  upon  stu- 
dent habits,  yet  in  entire  sympathy  with  them. 

College  shops  do  not  escape  that  mark  of  individ- 
uaUty  common  to  all  shops,  when  judged  by  the  aver- 
age grade  of  output,  the  design,  finish,  ingenuity  and 
usefulness  of  its  material  product.  The  average  attain- 
ment is  hmited  by  the  gi*ade  of  students  and  the  ideals 
presented.  All  students  are  affected  by  this  average. 
Any  plan  which  betters  the  grade  of  work  for  which 
students  are  even  partly  responsible,  helps  to  supply 
a  desirable  condition.  This  too  requires  more  skillful 
workers  cooperating  with  students.  The  presence  in 
the  shop  from  year  to  year  of  some  unfinished  project 
begun  by  pre\'iou3  classes  has  a  depressing  influence 
on  students.  It  seems  very  desirable  when  once  a 
project  is  started  to  finish  it  with  certain  movement. 
and  in  time  to  give  those  who  share  in  its  building  a 
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share  in  the  pleasure  of  completion.  The  several 
needs  so  far  enumerated  are  :  First,  a  desirable  variety 
of  work  to  replace  fixed  problems,  which  will  require 
some  things  that  should  not  be  expected  of  students. 
Second,  a  shop  life  and  movement  not  dependent 
entirely  upon  students.  Third,  the  presence  of  more 
skillful  workers  to  raise  the  average  grade  of  work  in 
sight.  Fourth,  means  whereby  projects  shall  not 
become  ancient  monuments  of  incompleteness. 

These  needs  show  the  desirability  of  employing  men 
in  the  usual  way,  selected  for  their  skill  and  for  their 
ability  to  work  harmoniously  with  a  body  of  students. 
This  method  I  should  prefer,  but  the  usual  college  can 
not  afford  it.  The  employment  of  one  or  two  jour- 
neymen is  hardly  sufficient  to  establish  the  desired 
movement  and  atmosphere  in  a  shop  training  from 
one  to  three  hundred  students.  With  paid  help  a 
State  College  would  have  difficulty  in  quietly  dispos- 
ing of  any  output,  sold  to  reduce  the  expense. 

Another  line  of  thought  helped  to  suggest  the  ex- 
pedient tried.  A  manufacturer  tries  to  run  his  plant 
full  time  in  order  to  produce  a  maximum  output. 
There  are  many  college  shops  provided  by  the  state 
which  work  on  less  than  half  time.  An  elaborate 
equipment  may  lie  idle  a  portion  of  each  day  or  a 
portion  of  the  year.  The  scheme  of  class  hours,  or  in- 
struction periods,  may  make  it  impossible  to  use  the 
full  capacity  of  the  plant  for  its  prime  purpose. 
While :  "They  also  serve  who  only  stand  and  wait,"  it 
seems  a  pity  that  these  shops  dedicated  to  instruction 
should  for  any  cause  find  lack  of  constant  usefulness. 
If  the  legitimate  use  of  the  shop  requires  that  it  lie 
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idle  for  a  time,  or  that  its  use  in  any  other  vray  is  in- 
compatible mth  its  prime  function  in  the  engineering 
course,  then  there  is  excuse  for  this  partial  employ- 
ment. I  am  not  con\dnced  of  the  necessity.  There 
are  many  young  men  desiring  such  opportunities  as 
the  shop  could  afford — men  unable  to  take  a  college 
course.  These  would  be  glad  to  give  their  labor  in 
return  for  shop  opportunities  and  this  labor  can  be 
made  of  sufficient  service  to  warrant  its  use. 

A  call  for  apprentices  was  made  through  the  college 
paper.  Each  apprentice  was  to  be  over  eighteen  years 
of  age,  acceptable  to  the  Superintendent,  and  was  to 
work  not  less  than  thirty  hours  per  week  for  forty 
continuous  weeks.  He  was  to  work  in  the  foundry, 
blacksmith  shop  and  machine  shop,  as  required,  to 
receive  no  compensation  and  to  be  subject  to  dis- 
charge at  any  time  by  the  Superintendent. 

From  many  applicants,  some  of  whom  were  college 
graduates,  ten  men  were  selected.  Their  age  was 
nearer  twenty  than  eighteen.  Most  of  them  had  been 
college  students  at  some  time,  but  were  unable  or  un- 
willing to  continue.  The  average  abiUty  was  about 
that  of  second-year  college  men. 

At  this  time  there  were  about  three  hundred  stu- 
dents in  the  various  shops,  but  only  about  thirty  in 
the  machine  shop.  The  instruction  periods  were  such 
that  the  metal  shops  had  been  employed  but  five 
afternoons  in  the  week,  leaving  each  morning  and  a 
full  holiday  unused.  The  apprentices  were  assigned 
to  these  periods.  During  the  regular  class  hours,  ap- 
prentices were  employed  only  as  there  was  room,  but 
it  soon  transpired  that  they  were  working  most  of  the 
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time.  They  were  used  in  the  foundry,  making  cast- 
ings for  regular  work,  and  many  changes  and  small 
repairs  were  made  by  their  help.  They  soon  possessed 
more  skill  than  the  average  student  and  were  work- 
ing on  machine  parts  together  with  students. 

It  then  became  possible  to  build  simple  machines 
in  short  order  and  greatly  increase  the  variety  of  work 
on  hand.  The  general  movement  of  the  shop  became 
a  number  of  paces  faster.  Jobs  that  had  been  on 
hand  too  long  were  finished.  The  temptation  to  em- 
ploy students  on  work  of  questionable  instructive 
value  was  removed.  Without  doing  violence  to 
ideals,  sach  Work  could  be  given  apprentices.  The 
effect  on  student  work  was  pronounced.  There  was  a 
healthy  rivalry  with  the  apprentices,  more  perhaps 
than  if  journeymen  had  been  employed. 

At  the  end  of  the  year,  superintendent,  foreman, 
and  instructors  felt  that  the  needs  enumerated  had 
been  partly  met  by  the  apprentice  system.  The  fore- 
man preferred  that  the  system  be  continued,  for  while 
it  required  his  time  in  one  way,  it  reduced  his  difii- 
culties  in  others  and  made  the  shop  instruction  more 
efficient.  The  material  output  for  the  year  was  of  a 
better  quality.  Its  cash  value  to  the  college  paid  for 
any  outlay  chargeable  to  the  apprentices.  The  system 
had  not  interfered  in  any  way  with  the  regular  work 
of  the  shops,  but  had  been  a  decided  benefit  directly 
and  indirectly.  The  shops  were  employed  the  full 
day  in  training  young  men  in  the  industrial  arts. 
Most  of  the  apprentices  preferred  to  stay  a  second 
year.  Professor  J.  D.  Harper  has  had  charge  of  ^^he 
work  since  September,  1898,  and,  in  expressing  un- 
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qualified  approval  of  the  system,  has  extended  it. 
Apprentices  now  receive  some  instruction  in  drawing. 
There  is  a  pressure  of  excellent  material  to  select  from. 
The  better  trained  and  more  skillful  are  being  used  as 
student  assistants. 

I  know  of  no  other  place  devoted  to  instruction 
where  young  men  are  given  so  full  an  opportunity  to 
enter  as  apprentices  a  well  ecjuipped  shop  as  at  the 
Kansas  State  Agricultural.  College.  As  the  system 
seems  to  be  of  mutual  benefit  to  the  regular  work,  to 
the  department  financially,  and  to  the  apprentices 
employed,  there  is  reason  to  believe  the  system  may 
be  useful  elsewhere. 

Discussion. 

Professor  Caldwell  wished  to  ask  Professor 
Hood  for  a  little  more  definite  information  as  to  the 
class  of  men  these  apprentices  were. 

Professor  Hood  rephed  that  the  men  had  come 
originally,  for  the  most  part,  from  farms,  with  the 
earnest  desire  to  get  into  mechanical  pursuits.  Prob- 
ably half  of  them  had  previously  been  in  railroad  or 
other  shops.  Among  the  ten  apprentices,  seven  had 
been  students  in  college,  who,  either  from  lack  of 
funds,  or  lack  of  ability,  had  given  up  their  college 
courses  to  go  into  shop  work.  They  were  altogether  a 
much  better  class  of  men  than  the  term  apprentice 
usually  brought  to  mind  and  rather  of  the  college- 
student  stamp. 

Professor  Robinson  remarked  that  he  himself 
had  been  through  an  apprenticeship,  as  well  as 
through    a   college  course,  and  he   thought   that  in 
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teaching  shop-work,  it  was  advisable  to  divide  the 
work  into  two  general  classes,  namely,  rough  work 
and  finished  work.  The  student  should  first  be  in- 
structed in  rough  dressing  and  then  the  same  piece 
might  be  turned  over  to  a  second  man  for  the  tool 
dressing,  the  filing  and  finishing.  The  first  man 
should  get  the  piece  true  in  the  rough,  and  the 
second  man  should  do  the  fine  finishing  of  the  sur- 
face. Thus  every  man,  before  leaving  college,  would 
become  proficient  in  both  classes  of  work. 

Prof.  Aldrich  wished  to  inquire  as  to  the  class  of 
work  that  the  author  set  for  these  apprentices.  In  the 
mechanical  shops  of  almost  all  educational  institu- 
tions, after  the  installation  had  been  completed,  the 
only  other  work  possible  was  in  the  form  of  exercises, 
i.  e. ,  proj ect-work,  or  regular  manufacturing  work.  The 
speaker  wished  to  inquire  further  whether  under  this 
system  the  apprentices  were  carried  through  a  system 
of  exercises  ;  or  a  combination  of  exercises  and  manu- 
facturing work ;  or  whether  it  was  entirely  manufactur- 
ing work.  He  thought  that  several  new  and  admir- 
able points  had  been  brought  out  in  the  paper. 
However,  while  the  term  "apprentice-system  "  had  a 
shop  sound,  such  work  as  here  outlined  did  not  really 
take  the  place  of  a  manufacturing  apprenticeship 
under  which  the  apprentice  was  regularly  indentured 
for  a  term  of  years.  Continuing,  the  speaker  referred 
to  the  increasing  difficulty  of  students  finding  places 
as  special  apprentices  during  summer  vacations.  The 
fact  was  doubtless  generally  recognized,  that  if  it  were 
possible  to  employ  in  some  satisfactory  way  the  col- 
lege shops  .and  laboratories  throughout  the  four  quar- 
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ters  of  the  year,  it  would  be  a  distinct  gain  to  the 
student  and  to  the  college  ahke. 

Prof.  Hood  said  in  reply  that  his  own  shop  ex- 
perience probably  caused  him  to  look  at  the  shop 
in  a  different  way  from  some  others ;  that  the  idea  of 
letting  a  shop  lie  idle  for  certain  periods  was  rather 
repulsive  to  him.  His  own  shop  was  always  run 
twelve  months  in  the  year,  but  the  work  was  not  con- 
fined to  instruction.  The  work  in  summer  consisted 
of  repairing,  making  apparatus,  and  general  provd.sion 
for  the  future.  To  answer  the  question  as  to  what 
was  offered  the  young  men  who  were  received  as  ap- 
prentices, that  might  be  put  in  the  single  word  ''  op- 
portunity." They  were  not  put  through  graded 
courses ;  nor  were  they  given  problems  to  work  out. 
Institutions  devoted  to  education  could  not  fail  to  af- 
ford opportunities,  and  rich  ones,  to  the  student  who 
came  with  the  understanding  that  he  was  simply  to 
take  what  he  could  get. 

Prof.  "Waldo  desired  to  call  attention  to  what 
seemed  to  him  a  very  important  bearing  of  this  paper, 
in  that  it  suggested  a  solution  of  the  vexed  question 
as  to  what  should  be  done  in  the  way  of  a  technical 
education  which  partakes  largely  of  the  character  oi 
a  trades-school  education.  It  appeared  that  Prof 
Hood  had  found  a  way  by  which  an  intermediate 
form  of  technical  instruction  might  be  given  in  our 
existing  institutions  without  detriment  to  the  institu- 
tions themselves,  and  to  the  gi-eat  benefit  of  a  large 
class  of  intelligent  workmen  who  are  ambitious  to 
rise,  but  have  neither  the  time  nor  the  money  for  an 
extended  technical  course  of  studv. 
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BY  WM.  S.  ALDRICH, 
Professor  of  Electrical  Engineering,  University  of  Illinois,  Champaign,  111. 

It  has  frequently  been  stated,  and  with  particular 
reference  to  state  colleges  and  universities,  that  it  is 
the  first  dat}^  of  the  American  engineering  educator 
to  provide  such  technical  courses  of  instruction  as 
shall  best  prepare  the  engineering  graduate  to  develop 
such  arts  and  industries  as  are  found  at  the  time 
within  the  borders  of  his  own  state  or  territory.  That 
which  has  been  accomphshed  in  pursuance  of  this 
policy  since  the  opening  of  the  ISIilitary  and  Naval 
Academies  and  the  establishment  of  private  and  state 
schools,  from  the  Rensselaer  to  the  latest  endowed 
polytechnic,  is  now  matter  of  history. 

The  internal  improvements  inaugurated  in  this 
country  by  Washington's  surveys  but  await  a  similar 
initiative  in  foreign  fields.  American,  engineers  have 
so  developed  our  country,  and  opened  up  its  natural 
resources,  as  to  show  clearly  the  need  of  and  to  stimu- 
late to  similar  work  in  many  other  lands.  What  they 
have  done  at  home  remains  to  be  done  abroad.  It 
must  be  carried  out  some  time,  by  some  trained  body 
of  equally  resourceful  engineers.  Shall  we  go  in  and 
possess  these  fields  of  engineering  development? 

The  present  demand  for  engineering  talent  abroad 
is  not  confined  to  any  one  branch  of  the  profession. 
In  opening  up  mines  or  starting  manufactures;  in 
building  roads  and  canals ;  in  constructing  public  or 
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private  "works  ;  in  the  improvement  of  rivers  and  har- 
bors, or  in  the  sanitation  of  cities;  in  the  extension  of 
telegraph  and  telephone  s^^stems;  in  the  development 
of  transportation  facilities,  by  rail  or  by  water ;  in  the 
utilization  of  the  resources  and  forces  of  nature ;  m 
each  and  in  all  of  these,  and  in  man}^  kindred  fields  of 
engineering  work,  there  is  an  ever  widening  oppor- 
tunity for  young  American  engineers  to  seize  if  they 
will  prepare  themselves  for  it. 

To-day  the  trained  engineer  is  abroad  in  other 
lands  as  well  as  in  his  own,  representing  American 
industries,  selling  American  manufactured  products, 
promoting  the  expansion  of  our  trade.  He  is  install- 
ing, operating  and  managing  American  machinery  in 
many  foreign  establishments.  He  is  examining  water 
powers,  fuel  supplies,  timber  lands ;  prospecting  valu- 
able mineral  lands ;  and  gathering  general  and  tech- 
nical information  for  the  use  of  home  capitalists.  He 
is  searching  the  world's  fields  of  raw  materials,  in- 
vestigating their  properties  and  ascertaining  the  eco- 
nomics of  production  for  home  manufacturers. 

In  these  and  in  many  other  ways  the  profession  of 
engineering  is  feeling  the  stimulus  of  the  commercial 
awakening.  The  class  of  work  which  it  can  perform 
is  quite  as  essential  as  the  more  direct  expansion  of 
our  foreign  trade,  that  the  mills  and  factories  at  home 
may  be  kept  busy.  Each  class  of  work  will  health- 
fully react  on  the  other.  Where  American  engineers 
go  to  develop  the  resources  or  industries  Of  a  country, 
American  goods  follow.  Where  American  goods  are 
introduced,  the  development  of  the  natural  resources 
and  of  local   industries  will  follow  as   a   matter  of 
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course.  From  the  standpoint  of  finding  a  market  for 
our  goods,  and  a  field  of  work  for  our  young  men,  it 
is  difficult  to  say  which  is  the  more  important — the 
expansion  of  trade,  or  the  development  of  engineer- 
ing work  abroad. 

With  respect  to  engineering  education,  there  can, 
however,  be  no  longer  any  room  for  doubt.  Such  an 
education  must  now  fit  young  men  to  take  some  in- 
telligent part  in  the  development  and  utilization  of 
natural  forces  and  resources,  wherever  found,  to  en- 
gage in  the  organization  and  execution  of  engineering 
work  and  works  in  whatever  country  of  the  globe  such 
opportunities  may  be  presented.  We  should  find  a 
foreign  field  for  our  engineering  graduates  quite  as 
much  as  a  foreign  market  for  our  goods.  Only  in 
this  way  can  we  hope  to  postpone  indefinitely  another 
evil  day  of  panicky  times,  lost  confidence,  lack  of 
work  and  an  overstocked  market. 

Whether  it  will  hasten  our  national  downfall  or 
inure  to  the  perpetuity  of  our  national  life,  we  are 
now  committed  to  new  policies  of  international 
diplomacy.  Foremost  among  these  are  such  as  con- 
cern the  development  of  our  trade  relations  abroad 
for  the  continuance  of  prosperity  at  home.  If  we  are 
to  maintain  our  hard-earned  reputation  for  success- 
fully meeting  each  exigency  as  it  arises,  for  making 
moves  in  business  and  engineering  developments  that 
awe  the  world,  for  doing  the  right  thing  at  the  right 
time,  then  our  duty  is  clear. 

Communities,  states  and  nations,  are  now  looking 
to  engineers  probably  more  than  to  any  other  class  of 
trained   professional  men,  to   secure   that   dominion 
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over  the  forces  and  resources  of  nature  that  shall  lead 
to  a  healthier,  happier  life  from  the  standpoint  of  its 
natural  environment.  If  the  sphere  of  influence  of 
American  engineers  is  to  be  extended  to  other  people 
than  those  within  our  immediate  borders,  it  will  be 
necessary  to  make  the  most  thorough  study  of  the 
conditions  surrounding  such  engineering  develop- 
ments. The  sanitary  work  of  American  engineers  in 
tropical  countries  points  to  at  least  one  direction  in 
which  a  large  amount  of  engineering  work  awaits 
equally  capable  men. 

Engineering  education  should  equally  recognize 
the  widening  field  of  the  application  of  science  to  the 
development  of  industry.  In  some  branches  of  work, 
at  least,  the  reproach  seems  destined  to  become  a 
standing  one  that  we  are  becoming  a  nation  of  skilled 
mechanics  appUing  to  art  and  industry  the  sciences 
whose  fundamental  truths  the  old  world  has  estab- 
Hshed.  Very  few  such  truths  have  Americans  estab- 
hshed  that  furnish  Europeans  with  the  precedents  for 
engineering  practice  and  construction  which  are  at  all 
comparable  to  those  which  foreign  scientists  and  en- 
gineers have  given  to  the  world  at  large.  All  inves- 
tigations now  have  a  deeper  meaning,  a  wider  bear- 
ing, a  larger  field  of  application. 

It  is  a  hopeful  sign  that  engineering  graduates  are 
giving  their  attention  in  greater  numbers  to  engineer- 
ing research.  Whether  in  the  laboratories  of  manu- 
facturing establishments,  or  of  educational  institu- 
tions, they  are  conferring  great  benefits  on  the  profes- 
sion and  promoting  the  advancement  of  civilization. 
After  graduates  have  entered  upon  some  more  or  less 
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remunerative  field  of  labor,  they  should  seriously  con- 
sider the  advisability  of  dropping  such  work  for  at 
least  a  year,  to  pursue  special  and  advanced  engineer- 
ing work  and  research  in  some  educational  institution 
offering  facilities  for  the  same.  Only  in  some  such 
manner  can  we  discharge  our  bounden  duty  to  the 
age  and  add  to  the  sum  of  human  knowledge,  that 
American  engineers  may  establish  precedent  and  not 
simply  follow  that  of  others  in  the  expansion  of  their 
respective  fields  of  work,  whether  at  home  or  abroad. 

Our  principal  foreign  competitors  have  been  forg- 
ing ahead  along  very  clearly  defined  lines  which  are 
now  discerned  by  the  results  accomplished.  They 
have  put  forth  equal,  if  not  greater,  efforts  in  develop- 
ing foreign  markets  as  in  establishing  home  trade. 
In  all  of  this  they  have  shown  characteristic  thorough- 
ness, painstaking  care,  and  attention  to  details.  Their 
recent  advances  in  commercial,  industrial  and  tech- 
nical education  have  had  similar  far-reaching  results 
in  promoting  foreign  trade.  While  many  of  their 
young  men  have  sought  this  object  more  directly  by 
engaging  in  commercial  pursuits,  others  have  taken 
up  the  line  of  engineering  work  contemplated  in  this 
paper — the  development  of  native  resources  and  of 
local  industries.  It  is  not  with  commerce  and  com- 
mercial education  that  we  have  now  to  deal  so  much 
as  with  industry  and  engineering  education.  In  the 
well-defined  limits  of  the  Avork  of  this  Society,  there- 
fore,' we  may  very  efficiently  aid  in  the  expansion  of 
American  trade,  the  development  of  industries  and 
the  advancement  of  science. 

Foreign  trade  is  a  matter  of  education — education 
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of  the  manufacturer  to  the  needs  of  the  particular 
market  where  his  goods  are  offered  for  sale  ;  education 
of  the  foreign  salesman  to  be  the  capable  and  faithful 
representative  of  the  home  concern  ;  education  of  the 
foreigner  himself  to  the  appreciative  point  of  supply- 
ing his  newly-created  wants  by  American  goods. 
Commercial  travelers  of  English-speaking  countries 
are  less  seen  abroad  than  those  of  any  of  their  com- 
petitors. American  goods  and  American  manufac- 
turers in  particular,  are  not  yet  properly  represented 
abroad.  Consuls  are  expected  to  do  much  toward  in- 
troducing home  goods  in  foreign  markets,  but  it  is 
quite  clear  that  no  consul  can  perform  such  efficient 
service  in  that  direction  as  a  salesman.  Personal 
\dsits  to  foreign  markets  of  trained  and  educated  en- 
gineers representing  home  producers  will  bring  far 
greater  returns,  increasing  such  trade,  fostering  a 
wholesome  appreciation  of  American  goods,  and  si- 
lencing the  cavil  of  local  competition.  Moreover,  the 
widespread  circulation  of  trade  literature  is  not  suffi- 
cient for  the  introduction  of  American  goods.  Amer- 
ican engineers  should  be  on  the  spot,  to  recommend 
or  require  American  machinery,  for  instance,  as  well 
as  to  receive,  install  and  use  it  in  their  engineering 
work  abroad.  The  demand  must  be  created  if  it  does 
not  exist.  What  engineers,  agents  and  salesmen  have 
done  to  create  wants  and  to  supply  them,  in  this 
country,  must  now  be  extended  to  include  larger 
areas.  For  instance,  there  is  an  ever-increasing  use 
of  all  kinds  of  machinery  throughout  the  world  and 
American  manufacturers  are  Cjuite  capable  of  supply- 
ing it  through  the  extension  of  legitimate  business 
methods  found  so  helpful  in  this  country. 
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The  American  engineer  abroad  has  therefore  a 
double  duty  to  perform,  being  engaged  quite  as  much 
in  a  representative  capacity  as  in  technical  hues  of 
work.  He  has  an  enviable  opportunity  to  represent 
his  country  and  to  stand  for  straightforward  business 
relations,  amid  the  conflicting  claims  of  competing 
contractors  and  of  manufacturers'  agents.  Moreover, 
the  ethical  relations  which  he  bears  to  our  foreisn 
business  constitute  a  vital  link  in  the  chain  binding 
us  to  world-wide  trade  interests.  Severe  criticism  has 
been  made  of  the  Yankee's  way  of  doing  business 
when  away  from  home,  and  especially  when  exploit- 
ing our  manufactured  products  in  new  markets.  It 
behooves  us  to  train  young  engineers  who  will  engage 
in  these  and  allied  branches  of  work  with  honor  and 
credit  to  themselves,  to  the  profession  and  the  nation 
which  they  at  all  times  represent. 

Of  all  professional  men,  engineers  should  have  the 
broadest  outlook,  the  largest  views  of  men  and  things. 
This  implies  a  breadth  and  depth  of  culture  that  few 
of  them  are  getting  to-day.  If  the  young  engineer  is 
to  do  an3^thing  else  than  professionally  to  hew  wood 
and  to  draw  water ;  if  he  is  to  be  taken  into  the  coun- 
cils of  corporations  and  large  business  enterprises, 
equally  with  the  lawyer,  he  must  be  more  of  the 
scholar  and  the  gentleman,  more  of  the  man  of  affairs 
than  he  is  to-day.  The  professional  status  and  stand- 
ing, also,  must  be  very  much  raised  before  the  Ameri- " 
can  engineer  will  receive  that  recognition  which  is  his 
due  in  foreign  fields,  where  all  scholarly,  gentlemanly 
and  business  traits  count. 

Many  technical  graduates  leave  college   mth   the 
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most  limited  views  of  men  and  affairs.  Finding  fairly 
remunerative  employment,  tliey  are  too  easily  satis- 
fied. If  their  emplo^^ers  will  not  rotate  them  they 
should  rotate  themselves.  It  is  not  true  in  engineer- 
ing experience,  that  "a  rolling  stone  gathers  no  moss." 
Each  new  position  sought  or  obtained  should  give  a 
larger  outlook,  a  higher  class  of  work  and  more  re- 
sponsible duties.  In  fact,  it  is  our  duty  to  encourage 
these  young  men  to  consider  the  wide  world  as  their 
field,  as  open  to  them,  and  as  requiring  their  energies. 
There  is  probably  no  subject  Avhich  will  take  the  stu- 
dent outside  the  pale  of  his  local  environment  so 
thoroughly  and  so  satisfactorily  as  the  proper  presen- 
tation of  the  fields  of  engineering  work  he  may  come 
to  occupy,  in  developing  the  engineering  trades  and 
industries  at  home  or  abroad.  Our  graduates  have,  it 
is  true,  in  the  words  of  Girard,  a  knowledge  "of  facts 
and  things."  Without  curtailing  the  one,  is  it  not 
possible  to  enlarge  the  other?  We  owe  it  to  the  stu- 
dents to  present  at  least  the  essentials  of  such  a  world- 
wide view.  Engineering  education  is  in  need  of  the 
breath  of  the  new  life  that  is  now  upon  us,  coupled 
with  that  opportunity  afforded  by  the  hberal  arts 
courses  to  scan  the  horizon  of  human  knowledge  and 
of  national  growth',  to  view  the  world  of  letters  and  of 
life.  This  want  is  a  common  one  to  all  college 
courses.  It  has  been  long  felt  in  the  one  case.  It 
♦has  been  long  supplied  in  the  other. 

W^ith  few  rivals  on  this  continent  and  not  caring 
to  become  rivals  of  the  old  world  producers  till  quite 
recently,  Ave  have  not  felt  the  necessity  of  thorough 
training  in  modern  languages  from  the  commercial 
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view-point.  This  deficiency  is  now  so  patent  that  not 
only  have  French  and  German  been  taken  up  with  a 
new  meaning  and  purpose,  but  Spanish  also  is  added 
to  our  technical  courses.  With  ever-widening  trade 
relations,  such  early  conveniences  will  become  later 
necessities  for  the  most  expeditious  transaction  of 
business  abroad. 

American  engineers  must  go  before,  accompany 
and  follow  the  export  of  our  manufactures.  This 
will  necessitate  greater  attention  in  technical  instruc- 
tion to  the  economics  of  engineering,  to  the  business 
end  of  it,  and  to  the  commercial  aspect  of  our  growing 
foreign  relations.  To  prepare  for  wider  fields  of  use- 
fulness abroad  will  require  more  thorough  training  at 
home.  To  recognize  such  demands  will  react  bene- 
ficially on  engineering  education  all  along  the  line. 
It  will  be  a  healthful  stimulus  toward  broadening 
and  deepening  many  of  the  present  technical  courses, 
quite  as  much  in  the  letter,  perhaps,  as  in  the  spirit 
of  the  movement.  The  study  of  commerce,  trade, 
foreign  relations  and  policies,  with  courses  in  com- 
mercial and  international  law,  and  frequent  lectures 
by  non-resident  specialists,  will  gather  about  profes- 
sional courses  that  most  helpful  and  broadening  in- 
struction demanded  by  the  spirit  of  the  age. 


THE    CORRESPONDENCE  SCHOOL   IN 
TECHNICAL  EDUCATION. 

BY  EDGAR  MARBURG, 
Professor  of  Civil  Engineering,  University  of  Pennsylvania,  Philadelphia,  Pa. 

At  the  last  annual  meeting  of  the  Society,  the  retir- 
ing President,  in  a  thoughtful,  far-seeing  address,* 
brought  us  face  to  face  with  certain  serious  gaps  in 
our  educational  system.  It  was  shown  that,  except 
for  insignificant  beginnings,  here  and  there,  no  provi- 
sion had  been  made  for  the  specific  training  of  our 
youth  for  industrial  and  commercial  pursuits.  Our 
own  shortcomings  were  revealed  the  more  strikingly 
on  the  background  of  Germany's  achievements.  That 
nation's  phenomenal  strides,  during  the  past  quarter- 
century,  towards  a  commanding  position  in  manufac- 
tures and  in  commerce  was  attributed  primarily  to  its 
elaborate  system  of  monotechnic  and  commercial 
schools,  of  which,  as  has  been  said,  no  counterpart  is 
to  be  found  in  this  country. 

With  us  the  opinion  is  yet  too  widely  prevalent 
that  such  elementary  liberal  education  as  may  be  had 
in  the  grammar,  or  at  most  the  high  school,  is  all-suf- 
ficient for  young  men  destined  for  the  trades  and  in- 
dustries, or  for  commercial  life — that  the  special  train- 
ing peculiar  to  each  particular  vocation  can  be  best 
acquired  in  actual  ser\T[ce.  The  soundness  of  this 
proposition,  within  limits,  is  of  course  conceded. 
School   processes,   however   carefully   perfected,   will 

*  Prof.  J.  B.  Johnson,  on  "A  Higher  Industrial  and  Commercial  Education 
as  an  Essential  Condition  of  our  Future  Material  Prosperity." 
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never  cease  to  have  their  hmitations.  Their  highest 
function,  after  all,  is  to  endow  the  individual,  as^vell 
as  may  be,  with  the  potentialities  of  after-develop- 
ment. To  look  for  an  output  of  accomplished  finan- 
ciers, business  men,  artisans,  or  industrial  foremen, 
straight  from  the  schools,  were  as  preposterous  in  its 
way  as  to  expect  similar  results  from  our  professional 
departments.  On  the  other  hand,  barring  the  great 
field  of  common,  unskilled  labor,  there  is  scarcely  a 
human  calling  so  lowly  but  that  its  horizon  might  be 
broadened,  its  inherent  dignity  developed,  its  useful- 
ness to  society  augmented,  and  the  individual  inter- 
ests of  its  followers  immeasurably  promoted,  if  our 
present  loose  and  narrow  courses  of  apprenticeship 
were  to  yield  to  a  well-ordered  system  of  specialized 
instruction,  in  which  the  scientific  and  practical  ele- 
ments might  be  suitably  blended. 

That  such  a  change  must  come  about  in  the  United 
States,  as  it  has  in  Germany,  probably  few  thoughtful 
men,  at  all  familiar  with  the  situation,  will  seriously 
question.  It  would  betoken  small  faith  in  the  pro- 
gressive spirit  of  our  nation  to  hold  otherwise.  But 
while  Germany's  achievements  serve  as  inspiring  ob- 
ject-lessons, the  social  conditions  in  this  country  are 
so  essentially  different  that  the  problem  presents 
itself  to  us  in  an  entirely  new  phase.  Its  final  solu- 
tion must  be  of  a  kind,  not  only  best  adapted  to  our 
own  peculiar  needs,  but  in  best  consonance  with  our 
school  systems,  our  politicali  and  industrial  institu- 
tions, and  the  general  traditions  of  our  people. 

A  tremendous  amount  of  agitation  will  be  needed 
for  the  successful  inauguration  of  so  great  a  move- 
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ment.  It  is  to  be  hoped  that  the  suggestion  made 
last  year  that  this  Society  should  assume  the  initiative 
in  this  matter  will  not  prove  to  have  fallen  on  barren 
ground.  In  the  educational  campaign  which  mil 
have  to  be  directed  against  our  trade  and  commercial 
organizations,  and  our  legislative  bodies,  the  first  con- 
cern will  be  to  impress  upon  them  the  reality  of  the 
need  we  set  ourselves  to  advocate.  To  most  men  of 
average  information  the  statement  that  we  are  falling 
far  short  of  Germany  in  preparedness  for  assuming  a 
leading  hand  in  the  world's  industrial  affairs  will 
come  as  a  revelation,  and  much  scepticism  will  have 
to  be  silenced  by  argument.  Overweening  faith  in 
the  resourcefulness  of  this  country  and  in  the  genius 
of  its  people  is  characteristic  of  Americanism.  But 
self-confidence,  however  admirable  a  trait  in  nations 
as  in  individuals,  carries  with  it  the  constant  danger 
of  merging  into  self-sufficiency,  than  which  there  can 
be  no  greater  menace  to  sustained  advancement. 

While  America  has  time  and  again  triumphed 
against  signal  odds,  through  expedients  improvised 
to  suit  the  means  and  the  occasion,  it  were  a  fatal  de- 
lusion to  assume  that  forces  can  be  created  over-night 
to  cope  successfulh'  with  the  gigantic  industrial  move- 
ment to  which  German}^  has  lent  its  best  thought  and 
energy  for  the  past  three  or  four  decades.  Patient, 
painstaking  effort,  in  the  furtherance  of  a  carefully- 
conceived,  broad  and  enlightened  policy,  can  alone 
accomplish  for  our  nation  what  has  been  attained  by 
like  measures  for  another. 

In  the  meantime  there  has  arisen  among  us,  in  the 
correspondence    schools,    an    educational   movement 
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whose  remarkable  headway  must  be  attributed  in  no 
small  measure  to  the  existence  of  those  very  gaps  in 
our  regular  system  to  which  reference  has  been  made. 
Sprung  from  seemingly  insignificant  beginnings,  some 
ten  years  since,  its  growth,  notably  during  the  past 
two  or  three  years,  has  been  little  less  than  phenom- 
enal. It  is  a  significant  fact  that  the  correspondence 
schools  have  found  their  largest  following  among  our 
technical  workers,  especially  those  of  our  shops  and 
factories.  Thus  a  single  institution  devoted  princi- 
pally to  engineering  and  the  mechanic  arts  claims  a 
total  enrolment  of  upwards  of  eighty  thousand  stu- 
dents, a  number  four  times  greater  than  that  of  only 
two  years  ago.  Whatever  the  merit  of  the  system, 
these  figures  bear  striking  evidence  that  our  crafts- 
men are  keenly  alive  to  the  defects  in  their  education, 
and  are  grasping  eagerly  at  such  opportunities  as  pre- 
sent themselves.  In  most  cases  there  exists  only  the 
single  other  alternative  of  self-instruction.  Night- 
schools  in  which  technical  courses  are  offered,  are  to 
be  found  only  in  a  few  of  our  most  populous  cities. 
Besides,  their  disadvantages  are  such  that  they  have 
not  come  into  much  favor. 

An  inquiry  as  to  the  probable  efficiency  of  the 
correspondence  system,  becomes  thus  a  matter  of  con- 
siderable interest.  Is  the  scheme  to  be  regarded  sim- 
ply as  a  passing  fad,  or  does  it  contain  the  elements  of 
real  merit  and  permanency?  Are  these  schools  at- 
tracting their  immense  patronage  under  false  pre- 
tenses, or  are  they  engaged  in  a  worthy  and  successful 
effort  to  give  their  students  generous  returns  on  their 
investment?     And,  finally,  does  the  general  plan  give 
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promise  of  such  possibilities  that,  in  its  higher  devel- 
opment, it  may  be  expected  to  yield  even  a  fair  ap- 
proach to  what  has  been  realized  abroad  by  German 
methods  ? 

Before  attempting  to  suggest  a  partial  answer  to 
these  and  similar  questions,  more  especially  with  ref- 
erence to  the  technical  correspondence  schools,  certain 
considerations  relating  to  such  institutions  in  general 
deserve  to  be  briefly  noticed. 

Among  our  regular  seats  of  learning  but  two,  namely, 
the  University  of  Chicago  and  the  Illinois  Wesleyan 
University,  have  entered  the  field  of  correspondence 
teaching.  The  other  institutions  engaged  in  this  work 
were  organized  and  are  conducted  primarily,  if  not 
solely,  as  money-making  enterprises.  Their  general 
policy  is  determined  largely  by  this  circumstance.  It 
also  serves  to  render  an  accurate  and  searching  in- 
vestigation difficult,  if  not  impossible.  The  competi- 
tion for  students  is  already  very  keen.  Statistics  of 
the  kind  freely  pubhshed  by  our  regular  schools  are 
either  withheld  on  gTounds  of  business  expediency, 
or,  where  furnished,  can  not  always  be  accepted  with 
confidence.  From  their  own  circulars,  it  appears  that 
the  various  schools  view  each  other  with  the  utmost 
distrust,  and  open  charges  of  a  serious  character  are 
not  infrequently  passed.  Their  advertising  methods 
in  general  are  not  calculated  to  inspire  confidence,  or 
to  command  respect.  Ingenuity  is  fairl}^  exhausted  in 
the  attractive  wording  of  their  circulars.  Clap-trap 
schemes  of  the  most  transparent  nature  are  resorted  to 
with  a  view  of  attracting  students.  Thus  one  school 
quotes  its  own  advertisements  as  opinions  of  the  press. 
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A  postal  card  addressed  to  another  with  the  simple 
request  for  a  catalogue,  elicited  the  usual  pseudo-per- 
sonal, typewritten  circular  containing  the  lines  :  "We 
judge,  from  an  intimation  discernable  in  your  letter, 
that  you  have  a  will  as  well  as  a  gift  for  success." 
The  schools  vie  with  each  other  in  their  offers  of 
special  inducements  for  immediate  enrolment.  Their 
disinterested  anxiety  to  enlist  patrons  before  the  date 
of  an  impending  advance  in  tuition  fees  is  quite  re- 
markable. Testimonials  and  photographs  of  gradu- 
ates are  prominently  paraded.  On  the  other  hand, 
a  complete  list  of  students  or  graduates  is  not  per- 
mitted to  appear. 

In  an  endeavor  at  an  impartial  inquiry,  one  has 
constantly  to  remind  himself  that  these  matters  have 
no  direct  bearing  on  the  subject  proper,  namely,  the 
intrinsic  value  of  the  instruction  itself  However, 
tactics  of  the  kind  described  tend  inevitably  to  give 
rise  to  prejudice  and  distrust.  Nor  does  it  serve  to 
lessen  one's  scepticism  to  be  informed  that  even  such 
subjects  as  music  and  art  can  be  successfully  taught 
by  correspondence.  There  remains,  in  fact,  scarcely 
an  important  field  of  learning  that  these  schools  have 
not  confidently  invaded. 

That  the  correspondence  scheme  throws  the  doors 
wide  open  to  charlatanism  cannot  be  denied,  nor  can 
it  be  questioned  that  the  opportunities  it  offers  for 
illegitimate  practices  have  been  freely  exploited. 
Some  of  these  irresponsible  concerns  have  already 
closed  their  doors,  to  the  possible  gain  of  their  patrons. 
Others  have  sprung  up  in  their  place  whose  existence 
will  doubtless  prove  no  less  ephemeral.      That  the 
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general  interests  of  the  cause  suffer  in  proportion  goes 
without  saying.  As  with  commercial  enterprises  in 
general,  probably  only  a  few  of  the  fittest  are  destined 
to  survive.  It  would  seem,  however,  that  the  time 
has  come  when  the  financial  responsibility  of  these 
schools  should  be  made  the  subject  of  official  inquiry, 
as  in  the  case  of  other  institutions  organized  for  the 
receipt  of  moneys  upon  the  promise  of  future  returns. 
Without  some  reasonable  guarantee  of  good  faith  in 
the  discharge  of  prospective  obHgations,  the  use  of  the 
mails  should  be  interdicted. 

Referring  now  to  the  technical  schools  in  particu- 
lar, the  writer  has,  by  visits  and  otherwise,  made 
as  critical  an  investigation  of  their  methods  as  cir- 
cumstances permitted.  Broadly  speaking,  their 
scheme  of  operation  is  essentially  the  same.  Instruc- 
tion papers,  especially  prepared  for  the  purpose, 
take  the  place  of  the  usual  text-books.  These  are 
issued  of  a  size  convenient  for  the  pocket.  The  stu- 
dent is  pledged  not  to  allow  others  to  share  in  their 
use.  The  papers  on  any  given  subject  are  furnished 
collectivel}^  in  book-form,  at  the  beginning  or  end  of 
the  course.  Each  instruction  paper  is  accompanied 
by  an  examination  paper  containing  the  questions 
which  the  student  is  required  to  answer.  These  an- 
swers are  promptly  and  careful!}^  corrected.  The 
writer  has  seen  ample  evidence  that  at  the  better 
schools  this  important  feature  receives  close,  pains- 
taking attention.  A  final  examination  is  usually 
prescribed  at  the  end  of  the  course.  The  award  is  com- 
monly in  the  form  of  a  certificate  of  study  or  of  pro- 
ficiency.    A  single  institution  confers  the  regular  de- 
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grees.     To  the  latter  practice  reference  will  be  made 
hereafter. 

The  tuition  fees  are  moderate,  in  fact  lower  than 
the  average  cost  of  text-books  in  the  regular  techni- 
cal schools.  The  charges  on  the  installment  plan  are 
relatively  much  higher.  The  other  expenses  are  for 
a  drawing  outfit,  paper  and  postage  in  one  direction. 
A  paid-up  scholarship  is  non-forfeitable.  Its  holder 
may  consume  as  much  or  as  little  time  as  he  elects  for 
the  completion  of  his  course.  The  unused  portion  of 
a  scholarship  is  transferable  at  the  option  of  the 
owner.  In  short,  the.  financial  policy  in  general  is 
quite  liberal  to  the  student. 

The  only  educational  requisites  are  a  knowledge  of 
reading  and  writing.  The  courses  in  pure  mathemat- 
ics begin  with  arithmetic  and  end  with  trigonometry. 
The  instruction  papers  on  technical  subjects  are  usu- 
ally prepared  by  graduate  engineers,  sometimes  men 
of  considerable  abihty  and  practical  experience,  but 
not  always  connected  with  the  schools.  Such  men 
also  exercise  a  general  supervision  of  the  correspond- 
ence in  their  respective  specialties.  The  ordinary 
routine  of  correcting  papers  and  of  letter-writing  is 
entrusted  to  lower-salaried  assistants,  often  young 
women  especially  trained  for  these  duties.  Such  cor- 
respondence is  reviewed  by  some  one  in  higher  au- 
thority, and,  if  necessary,  revised  before  forwarding. 
Communications  are  written,  as  a  rule,  by  hand, 
rather  than  by  mechanical  means.  This  practice, 
while  entailing  a  considerably  greater  outlay,  seems  to 
appeal  to  a  certain  student-element  as  more  distinctly 
personal,  and  serves  to  allay  suspicion  that  the  methods 
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are  in  any  way  stereotyped.  In  the  better  schools, 
the  administrative  details  in  general  are  thoroughly 
systematized  and  all  operations  conducted  with  busi- 
ness-Uke  regularity  and  dispatch. 

That  the  net  influence  of  these  schools  is  for  good 
does  not  seem  to  admit  of  a  reasonable  doubt.  They 
are  extending  a  helpful  hand  to  large  numbers  of 
aspiring  people  who  have  not  the  remotest  prospect 
of  gaining  better  advantages  through  the  regular 
channels.  They  hold  out  opportunities  of  greater 
promise  than  can  be  looked  for  from  average  eftbrts  at 
self-instruction. 

Such  adverse  criticisms  as  suggest  themselves  are 
applicable  in  part  to  certain  practices  of  the  schools, 
and  in  part  to  defects  inherent  in  the  con-espondence 
svstem.  The  distincton  is,  however,  not  alwavs  easilv 
drawn. 

Since  the  schools  are  operated  primarily  for  revenue, 
it  is  directly  to  their  interest  to  appeal  to  the  largest 
numbei*s.  The  cumculum  is  therefore  designed  to 
include  the  most  elementary  subjects.  These  may  be 
omitted  by  students  who  pass  the  preliminary  exam- 
inations. However,  the  statistics  of  one  of  the  leading 
schools  indicate  that  less  than  ten  per-cent  of  the  ap- 
phcants  can  meet  the  requirements  in  arithmetic. 
Thus  there  is  the  necessity  on  the  one  hand  of  begin- 
ning with  the  most  elementary  studies  and,  on  the 
other,  of  not  wearying  the  student  with  an  excessive 
amount  of  preparatory  work  before  entering  upon  the 
technical  coui'ses  proper.  The  compromise  appeal^ 
in  narrow,  short-cut  courses.  It  carries  with  it,  also, 
the  omission  of  analvtic   seometrv  and  the  calculus. 
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The  effect  of  all  this  on  the  more  advanced  courses  is 
easily  conjectured.  The  more  difficult  features  of  a 
subject  are  suppressed  or  treated  in  a  superficial  man- 
ner. Important  formulas  that  cannot  be  passed  un- 
noticed are  sometimes  presented  without  a  hint  as  to 
their  derivation  or  their  practical  limitations. 

Through  the  courtesy  of  certain  schools  the  writer 
has  had  the  opportunity  of  examining  complete  files 
of  their  instruction  papers.  In  point  of  general  make- 
up, that  is  paper,  typography,  illustrating  and  index- 
ing, they  are  superior  to  many  modern  text-books. 
The  excellence  of  the  illustrations  is  an  especially 
praiseworthy  feature.  In  fact,  it  may  be  said  that  they 
are  of  a  profusion  and  elaborateness  not  always  in 
keeping  with  the  context.  Upon  closer  scrutiny  one's 
impressions  are  apt  to  be  less  favorable  than  upon  the 
first  cursory  examination.  However,  on  the  whole, 
the  texts  are  written  with  much  care  and  discrimina- 
tion. It  is  readily  seen  that  the  authors'  task  is  by 
no  means  an  easy  one.  The  texts  must  be  concise, 
and,  at  the  same  time,  veritable  models  of  clearness. 
The  mathematical  work  must  be  reduced  to  the  sim- 
plest form,  inadequate  though  it  may  be,  for  the  pur- 
pose in  view.  General  forms  of  treatment  must  yield 
to  the  presentation  of  simple,  special  cases.  As  a  par- 
tial offset  to  these  deficiencies,  and  presumably  with 
an  eye  to  the  demands  of  their  peculiar  constituenc}'', 
there  is  an  evident  effort  to  give  the  studies  as  prac- 
tical a  trend  as  possible.  In  certain  subjects  a  good 
deal  of  valuable  information  is  given  of  a  kind  not 
ordinarily  found  in  text-books.  In  point  of  thorough- 
ness and  general  excellence,  the  courses,  on  the  whole. 
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are,  however,  in  no  wise  comparable  W'ith  those  offered 
in  the  regular  technical  schools.  It  is,  of  course,  only 
reasonable  to  assume  that,  since  the  field  is  compara- 
tively new,  the  methods  are  as  yet  somewhat  tentative. 
Nevertheless,  for  reasons  previously  suggested,  there 
appears  to  be  little  prospect  of  any  substantial  gain  in 
thoroughness  without  raising  the  matriculation  re- 
quirements to  a  standard  that  would  usually  prove 
prohibitive.  Perhaps  the  solution  will  eventually  be 
found  in  graded  courses.  In  fact  some  beginnings 
in  that  direction  are  already  discernible. 

In  the  meantime,  it  may  be  fairly  charged  that 
the  schools  are  far  too  pretentious  in  their  claims. 
Without  attempting  to  particularize,  the  evidence  in 
this  respect  is  unmistakable.  Engineering  instruc- 
tion of  a  truly  professional  standard  is  not  carried  on 
by  any  of  these  institutions.  Be  it  is  said,  how- 
ever, to  the  credit  of  the  technical  schools  that  there 
is  but  one  of  their  number  which  presumes  to  confer 
the  regular  degrees.  This  school  claims  to  have  re- 
ceived its  authority  by  law.  Its  home  is  in  the  Dis- 
trict of  Columbia.  It  has  the  arrogant  assurance  to 
proclaim  that  the  holder  of  its  degree  "  \vill  be  equip- 
ped with  all  the  theoretical  knowdedge  that  is  required 
for  the  same  degree  in  any  college  in  the  country.'* 
The  courses  prescribed  for  the  degree  of  C.E.,  are 
Surveying,  ^Mapping,  Railway  and  Structural  Engi- 
neering, and  so-called  Higher  Mathematics.  What 
is  meant  by  the  latter  term  can  only  be  vaguely  in- 
ferred from  the  published  statement  that  "in  this 
course  the  more  complicated  and  difficult  questions 
of  the  subject  are  taken   up  "  ;  and  again,   "  the  in- 
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struction  of  the  regular  courses  prepares  the  student 
to  understand  these  more  abstruse  matters."  Incon- 
sistently enough,  the  prescribed  courses  in  engineering 
require  no  knowledge  of  mathematics  beyond  trigo- 
nometry.    Further  comment  appears  superfluous. 

Another  practice  of  certain  schools  which  seems 
deserving  of  strong  censure  is  that  of  furnishing  com- 
plete keys  to  those  who  profess  to  find  the  work  too 
difficult.  At  least  one  school  issues  these  keys  indis- 
criminately to  all,  and  claims  that  "if  employed  judi- 
ciously they  can  be  made  to  save  both  time  and  labor, 
without  injury  to  the  student."  Beyond  some  words 
of  caution  against  their  use,  in  other  than  cases  of 
assumed  necessity,  the  matter  is  left  purely  to  the  dis- 
cretion of  the  student.  One  school  which  supplies 
such  aids  makes  the  naive  claim,  quoted  verbatim, 
that  "every  student  who  has  enrolled  with  us  has  suc- 
cessfully graduated  from  our  schools."  Let  it  be  pre- 
sumed that  the  term  'student'  is  here  meant  in  the 
somewhat  exclusive  sense  of  'one  devoted  to  study.' 

It  should  in  fairness  be  observed  that,  as  a  rule, 
these  institutions  do  not  claim  to  stand  on  an  equal 
plane  with  the  regular  schools.  On  the  contrary,  in 
some  instances  they  go  so  far  as  to  advise  persons  who 
have  the  time  and  means,  to  obtain  a  college  educa- 
tion. This  is  followed,  however,  by  the  most  unqual- 
ified and  unmeasured  assertions  in  proof  of  the  supe- 
riority of  the  correspondence  system,  particular  stress 
being  laid  on  the  claim  that  in  these  courses  nothing 
of  any  real  practical  value  is  omitted,  while  all  so- 
called  useless  matter  is  eliminated.  The  effect  of  this 
is  especially  harmful  in  so  far  as  it  serves  to  imbue 
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prospective  students  with  the  notion  that  the  day  is 
passed  for  making  great  efltbrts  and  sacrifices  with  a 
Adew  of  gaining  a  thorough  and  well-rounded  educa- 
tion by  the  older  methods.  This  tendency  of  divert- 
ing students  from  the  regular  technical  schools  is  per- 
haps more  than  neutralized  b}^  the  stimulus  given  to 
technical  education  generally  among  the  many  who 
would  not  have  been  reached  by  other  means. 

In  general,  the  schools  place  much  dependence  on 
the  oftentimes  glowing  testimonials  of  those  who  have 
come  under  their  instruction.  Without  discrediting 
the  authenticity  of  such  e\T.dence,  it  may  be  properly 
insisted  that  it  is  entitled  to  Uttle  weight.  It  comes 
as  the  testimony  of  individuals  just  emerging  from 
darkness  into  half-light.  Their  horizon  is  too  narrow 
for  accurate  orientation. 

In  an  attempt  at  gaging  the  probable  influence  of 
these  schools,  the  criterion  of  numbers  is  no  less  mis- 
leading. Where  thousands  enroll,  but  few  graduate. 
To  complete  the  more  extensive  courses,  elementary 
though  they  are,  requires  a  degree  of  perseverance 
and  self-denial  in  the  utilization  of  spare  moments 
that  few  can  muster.  It  is  to  be  remembered  that 
the  students,  as  a  rule,  are  employed  at  regular  voca- 
tions. Through  seductive  advertising  literature  and 
the  personal  solicitation  of  agents,  many  are  persuaded 
to  enlist  without  adequate  conception  of  the  sacrifices 
entailed.  According  to  statistics  kindly  furnished  by 
one  of  the  leading  schools,  of  a  thousand  persons  who 
entered  upon  a  certain  course  four  years  ago,  thirty 
per-cent,  on  the  average,  have  not  yet  finished  arith- 
metic ;  a  further  fort\'  per-cent,  that  is,  a  total  of  sev- 
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enty  per-cent,  have  completed  no  subject  beyond  arith- 
metic ;  and  only  one-half  of  one  per-cent,  or  five 
persons  have  graduated. 

To  sum  the  matter  up,  it  is  believed  that  any  at- 
tempt at  giving,  by  the  correspondence  method,  a 
broad  and  thorough  education  to  persons  who  at  the 
same  time  follow  their  daily  occupations  must  end  in 
failure.  Narrow  and  shallow  courses,  of  the  kind  de- 
scribed, may  be  regarded  as  the  inevitable  issue.  It 
should,  however,  again  be  emphasized  that  in  the  ab- 
sence of  better  means,  and  in  so  far  as  these  schools 
are  honestly  conducted,  they  hold  out  opportunities 
to  the  many,  and  rewards  to  the  few,  well  worth  the 
effort  of  attainment.  And,  in  conclusion,  their  high- 
est destiny  will  have  been  achieved  if  by  their  com- 
ing they  shall  but  quicken  the  birth  of  a  system 
of  popular  education — industrial  and  commercial — 
worthy,  in  every  sense,  of  this  great  nation. 

Discussion. 
Professor  Merriman  said  that  a  grave  question 
had  been  brought  before  the  Society  by  this  excellent 
paper  of  Professor  Marburg,  namely,  whether  the  cor- 
respondence schools  at  this  time  promoted  engineer- 
ing education.  He  thought  it  was  about  twelve  or 
fifteen  years  since  such  schools  first  began,  and  that 
five  years  ago,  if  this  question  had  been  asked,  he 
should  have  said  unhesitatingly  that  these  schools 
had  promoted  engineering  education ;  that  they  had 
reached  a  class  of  men  which  never  could  have  been 
reached  by  the  ordinary  technical  engineering  schools, 
and  that  many  of  the  pupils  of  these  schools,  inspired 
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by  their  study,  and  encouraged  by  their  success, 
would  go  on  and  become  students  in  the  regular  en- 
gineering colleges.  The  speaker  stated  that  the  suc- 
cess of  some  of  these  early  schools  had  been  so  great 
that  they  had  paid  dividends  as  high  as  eighteen  per- 
cent on  their  capital  stock,  and  that  such  commercial 
success  had  caused  many  other  schools  to  go  into  the 
field  with  such  consecj[uences  as  had  been  fully  set 
forth  in  the  able  paper  of  Professor  Marburg.  He 
expressed  his  behef  that  the  question  has  now  as- 
sumed a  very  different  character;  that  at  present 
there  exist  a  large  number  of  correspondence  schools 
which  employ  methods  of  advertising  and  of  ob- 
taining students  which  are  very  repulsive.  It 
seemed  to  him  questionable  whether  the  present 
method  of  the  correspondence  schools  in  deahng 
with  their  students  is  fair  in  every  respect,  and  on 
the  whole,  he  was  of  the  opinion  that  these  schools 
do  not  at  the  present  day  promote  engineering  educa- 
tion as  they  had  done  in  the  past. 

Peofe-ssor  Willistox  remarked  that  he  had  had 
an  opportunity  to  learn  something  about  two  of  these 
correspondence  schools,  and  that  while  he  of  coui^e 
reahzed  that  many  schools  might  be  unscrupulous  in 
their  methods,  yet  he  had  been  much  impressed  ^nth 
the  apparently  honest  and  straightforward  manner  in 
which  the  particular  schools  to  which  he  referred  did 
business.  The  speaker  alluded  to  the  wilHngness  of 
these  schools  to  recommend  to  prospective  students  a 
more  thorough  course  in  a  regular  school  or  college 
wherever  it  was  possible  to  obtain  it,  admitting  the 
superiority  of  personal  instruction  to  that  which  they 
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can  offer.  While  he  beheved  that  the  best  results 
are  possible  only  where  students  can  come  directly 
in  contact  with  able  teachers  and  receive  inspiration 
from  them,  yet  where  nothing  else  is  possible,  he 
would  recommend  the  correspondence  school,  and 
he  had,  in  fact,  done  this  under  the  circumstances 
mentioned.  In  the  speaker's  opinion,  the  corre- 
spondence schools  are  filling  a  want,  and  are  fill- 
ing it  remarkably  well,  considering  the  almost  in- 
sviperable  difiiculties  under  which  they  work,  of 
never  even  seeing  the  greater  part  of  their  pupils  ; 
and,  in  spite  of  the  fact  that  some  might  be  abusing 
their  opportunities,  he  nevertheless  believed  that  they 
are  doing  a  great  deal  of  good  work. 

The  speaker  considered  one  question,  suggested  by 
the  paper  of  Professor  Marburg,  of  particular  impor- 
tance, namely,  the  need  of  some  adequate  means  of 
assisting  those  who  can  not  avail  themselves  of  the 
regular  courses  of  instruction  given  in  our  best  en- 
gineering colleges.  There  are  doubtless  a  great  many 
young  men  who  are  unable,  for  lack  of  time,  or 
means,  or  previous  preparation,  to  attend  a  four-year 
college  course  and  who  are  not  aspiring  to  fit  them- 
selves to  become  engineers,  in  the  large,  broad 
sense  of  that  term,  bat  who  wish,  nevertheless,  to 
prepare  themselves  better  for  industrial  pursuits.  It 
seemed  to  him  that  the  opportunities  for  securing 
such  secondary  technical  education  in  this  country 
are  at  present  so  few  that  a  good  field  exists  for  the 
correspondence  schools. 

Professor  Marburg  said  that,  in  the  light  of  the 
remarks  just  offered,  it  might  appear  that  some  of  the 
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criticisms  he  had  made  against  the  advertising  methods 
of  the  coiTespondence  schools  in  general  were  unduly 
severe.  He  therefore  wished  to  state  that  he  had  ex- 
amined carefully  the  circulars  of  all  correspondence 
schools  that  had  come  to  his  notice  and  he  would  re- 
peat what  had  been  stated  in  the  paper,  that  as  a  rule 
they  do  not  claim  to  offer  advantages  equal  to  those 
aiforded  by  the  regular  colleges.  Yet,  while  they  did 
not  venture  to  commit  themselves  exphcitly  to  a  claim 
so  evidently  untenable,  their  arguments  in  favor  of 
the  correspondence  methods  were  all  in  that  direction. 
The  speaker  refeiTed  to  an  amusing  and  characteristic, 
though  somewhat  extreme,  instance  in  illustration  of 
this  point,  which  appeared  in  the  circular  of  one  of  the 
technical  correspondence  schools.  It  was  in  the  shape 
of  a  picture  showing  that  in  the  regular  college  course 
the  lecture  of  the  professor  went  in  at  one  ear  of  the 
student  and  passed  out  at  the  other,  as  indicated  by  a 
dotted  hne,  while  in  the  case  of  the  con*espondence 
school  the  dotted  line  terminated  somewhere  within 
the  cranium  of  the  indi\'idual,  thus  leading  iiTCsistibly 
to  the  conclusion  that  the  benefit  derived  by  the  cor- 
respondence-school student  was  superior  to  that  ob- 
tained by  the  other. 

The  speaker  said  that  he  wished  to  take  this  oppor- 
tunity of  suggesting  to  the  Society  the  propriety  of 
taking  some  action  at  the  next  business  meeting,  look- 
ing to  the  appointment  of  a  committee  in  accordance 
with  the  suggestion  of  Past-President  Johnson,  to  re- 
port on  the  general  question  of  industrial  schools,  and 
that  he  hoped,  if  such  a  committee  were  appointed. 
Professor   Johnson,  who  was   then   abroad  studpng 


CORRESPONDENCE  SCHOOL  IN  TECHNICAL  EDUCATION.   97 

such  schools  in  European  countries,  might  be  tendered 
the  chairmanship. 

Professor  Aldrich  thought  the  subject  of  the  paper 
a  very  timely  and  important  one  for  discussion.     He 
was  of  the  opinion  that  the  proper  stand  for  the  So- 
ciety to  take  in  this  matter  at  the  present  time  would 
be  a  conservative  one.     The   speaker  observed   that 
there   is  a   certain    practical    side  of    the    question 
which  the  Society  must  soon  decide,  at  least  as  indi- 
viduals, namely,  the  credit  that  should  be  allowed 
young  men  coming  from  the  correspondence  schools  to 
the  technical  schools,  with  certificates  or  diplomas  for 
certain  work  completed  in  the  former  schools.     He 
thought  it  might  be  well,  also,  if  this  question  could  be 
acted  upon  by  the  Society  as  a  body,  or  by  a  Commit- 
tee.   Presumably  some  of  the  members  had  attempted 
already  to  decide  this  matter  and  know  the  difficul- 
ties involved.     He  felt  satisfied   that  there  is  not  a 
member  of  the  Society  who  does  not  beheve  in  the 
greater   efficiency  of  the   instruction  of  the  college 
compared  with  that  of  the  correspondence  school.    At 
the  same  time,  he  believed  that  there  is  no  question 
but  that  at  the  present  time  the  correspondence  schools 
are  diffiising  a  form  of  technical  knowledge  through- 
out the  country  Avhich  is  proving   quite   helpful  to 
many  young  men  engaged  in  industrial  work.     The 
speaker   wished   to   add   a    word   with   reference   to 
night-schools.     Instruction  in  these  schools  has  to  be 
given    when   the    student    is   physically    exhausted, 
and  differs  greatly,  in  kind  and  quality,  from   that 
imparted  during  the  day  to  our  own  students.     In  the 
night-schools  of   England  they  are  seeking  to  train 

(7) 
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superintendents,  foremen  and  managers,  or  directors 
of  work.  To  some  extent  that  is  what  several  of  the 
corresponding  schools  are  aiming  to  de.velop  in  this 
country.  In  Germany,  on  the  other  hand,  they  are 
prosecuting  this  work  by  the  much  more  effective 
dav-school  methods  with  such  excellent  results  that 
their  manufactures  and  commercial  enterprises  are 
being  pushed  now  into  the  four  corners  of  the  earth. 
The  question  presented  to  us  now  is,  whether  to  ap- 
proach this  problem  by  the  English  or  by  the  German 
method.  In  case,  however,  the  choice  has  to  lie  be- 
tween the  correspondence  schools  and  the  night 
schools,  the  speaker  would  prefer  the  former. 

Professor  Hatt  thought  that  we  should,  in  judging 
these  correspondence  schools,  distinguish  between  the 
business  methods  of  the  managers,  and  the  work  of 
the  individual  instructors.  In  his  opinion,  an  aver- 
age apprentice  who  works  full  time  in  the  shop,  is 
not  in  condition  to  avail  himself  of  instruction,  how- 
ever accessible,  and  that  any  widespread  and  success- 
ful scheme  of  instruction  for  working  boys  should 
enlist  the  cooperation  of  employers,  to  the  end  that  a 
part  of  the  working  day  of  student-apprentices  might 
be  devoted  to  study.  He  had  had  some  of  the  gradu- 
ates of  these  correspondence  schools  in  his  classes,  and 
had  noticed  a  tendency  on  their  part  to  overvalue 
definite  formulas,  although  they  were  careful  in  the 
use  of  units. 

Professor  Waldo  suggested,  that  while  the  facts 
had  been  so  admirably  presented  on  the  one  side  of 
this  subject,  there  is,  nevertheless,  another  view  that 
ought  not  to  be  neglected.      He  said  that  he  heartily 


CORRESPONDENCE  SCHOOL  IN  TECHNICAL  EDUCATION.  99 

agreed  with  what  had  been  said  of  the  advertising 
methods  of  the  correspondence  schools,  but  that  that 
is  not  the  only  way  in  which  these  schools  should  be 
judged.  Another  way  is  to  go  into  small,  out-of-the- 
way  communities,  in  which  young  men  have  come 
under  the  instruction  of  correspondence  schools,  and 
note  what  effect  these  are  having  upon  their  lives. 
It  seemed  to  him  that  a  full  view  of  the  matter  can 
not  be  gained  unless  that  is  done.  The  speaker 
had  in  mind  the  case  of  a  young  man  who,  because 
of  poverty  and  other  reasons,  had  been  denied  an  op- 
portunity of  receiving  a  higher  education  in  engineer- 
ing. This  young  man,  while  an  apprentice  in  a 
machine  shop,  had  taken  advantage  of  a  course  with  a 
correspondence  school,  and  had  been  greatly  helped 
thereby. 

In  the  speaker's  opinion,  the  moral  influence  of  the 
correspondence  schools  upon  the  many  pupils  is  an 
important  element  not  to  be  overlooked.  He  wished, 
moreover,  to  confirm  the  view  expressed  in  the  paper 
that  the  work  of  the  correspondence  schools  advanced 
in  a  measure  the  interests  of  higher  education ;  and 
that  it  is  not  only  a  valuable  assistance  to  a  class  of 
men  that  can  not  be  reached  in  any  other  way,  but 
that,  finally,  many  of  them  are  brought  into  the 
regular  technical  schools. 

Professor  Allen  thought  it  might  be  taken  for 
granted  as  true  that  the  correspondence  schools  have 
accomplished,  in  certain  respects,  a  great  deal  of  good, 
and,  as  equally  true,  that  they  are  likely  oftentimes 
to  mislead  the  public.  However,  even  if  these  schools 
do  to  a  greater  or  less  extent  deceive  the  public,  it 
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is  not  the  function  of  this  Society  to  attempt  to  regu- 
late such  matters.  It  seemed  to  him  that  the  Society 
was  greatly  indebted  to  Professor  Marburg  for  the  ex- 
cellent presentation  of  facts  concerning  which  many 
of  the  membei's  had  probably  not  been  especially  well 
informed. 

Professor  ]\Iagruder  was  of  the  opinion  that  some 
of  the  correspondence  schools  do  a  great  deal  of  good 
while  othei-s  do  a  gTeat  deal  of  harm.  The  natural 
tendency  of  schools  which  fail  to  help  their  students 
is  to  quickly  go  to  the  wall,  as  some  quack  schools 
had  already  done.  It  had  come  to  his  notice  that  the 
manager  of  one  of  the  largest  manufacturing  estabhsh- 
ments  in  this  state  was  a  graduate  of  one  of  the  cor- 
respondence schools,  and  that  he  was  highly  in  favor 
of  these  schools.  It  seems  that  he  had  been  unable 
to  get  a  technical  education  in  a  college  and  had  there- 
fore resorted  to  the  con-espondence  system  for  his  edu- 
cation ;  and  that  he  had  since  remained  thoroughly 
m  sympathy  with  the  same.  The  last  time  the  speaker 
had  seen  this  man,  he  had  pointed  out  his  correspond- 
ence-school library'',  sapng  thai:  he  frequently  found  it 
advantageous  to  refer  to  those  books  in  connection  vriih 
his  daily  work,  and  that  he  was  advising  his  subordi- 
nates to  take  a  hke  advantage  of  the  coiTespondence- 
school  sj^stem.  The  speaker  referred  to  other  in- 
stances that  had  come  under  his  observation,  of  students 
who  had  attempted  to  gain  an  education  in  this  way 
and  had  become  completely  disgusted  with  the  charla- 
tanism practiced  by  some  of  these  alleged  schools  ;  in 
short,  that  everything  depends  on  the  character  of 
the  particular  school  patronized.     One  of  the  assistant 
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professors  of  the  Ohio  State  University  who  had  been 
a  writer  for  one  of  the  correspondence  schools  and  who 
approved  heartily  of  their  methods,  where  properly 
developed,  had  told  him  that  if  he  wanted  to  study 
exactness  and  clearness  of  expression,  he  should  try  to 
get  a  position  requiring  him  to  write  for  people  who 
had  had  nothing  beyond  a  common  school  education 
and  that  he  could  only  in  this  way  appreciate  the  dif- 
ficulty. The  speaker  declared  that  in  the  Ohio  State 
University  they  had  met  the  same  problem  that  pro- 
fessor Aldrich  had  spoken  of,  namely,  what  should  be 
done  with  graduates  or  students  of  correspondence 
schools  when  they  came  to  the  regular  schools.  He 
said  he  considered  that  a  very  important  subject,  and 
that  in  his  experience  these  young  men  had  come 
with  the  idea  that  they  were  full-fledged  engineers, 
whereas  they  had  simply  dabbled  in  this,  that  or  the 
other,  and  that  the  first  dut}^  of  the  professor  in  the 
regular  school  is  to  undeceive  them. 

A  Visitor  arose  to  remark  that,  inasmuch  as  he 
was  not  a  member  of  the  Society,  he  felt  some  hesita- 
tion in  joining  in  the  discussion  of  a  subject  in  which 
he  felt  greatly  interested,  since  he  himself  had  been  a 
student  in  one  of  the  correspondence  schools.  He 
had  entered  an  engineer's  office  some  twelve  years 
since  without  a  technical  education,  and  had  at- 
tempted to  make  up  his  deficiency  by  self-study.  He 
had  succeeded  very  well  in  algebra,  but  could  not 
progress  further  without  the  aid  of  a  teacher.  At 
the  end  of  four  or  five  years,  he  found  that  he  had 
accomplished  very  little  and  his  attention  was  then 
attracted  to  one  of  the  correspondence  schools.     The 


102    CORRESPONDENCE  SCHOOL  IN  TECHNICAL  EDUCATION. 

speaker  stated  that  his  studies  for  a  period  of 
three  3'ears,  under  the  direction  of  this  school,  had 
been  a  great  aid  to  him ;  that  instead  of  being  em- 
ployed now  on  construction  work  with  an  engineer 
over  him,  he  is  himself  in  charge  of  other  men. 
While  he  was  satisfied  that  he  would  have  derived 
more  benefit  from  a  regular  technical  course,  yet  he 
knew  that  the  course  he  had  taken  had  been  of  great 
advantage. 

President  Mendenhall  hoped  the  Society  would 
indulge  him  in  a  single  remark  in  this  discussion,  and 
that,  as  bearing  upon  a  fact  w^hich  he  thought  had 
perhaps  not  yet  been  emphasized,  nameh^,  the  de- 
crease, almost  to  zero  at  the  present  time,  of  the  diffi- 
culties in  the  way  of  any  one  obtaining  a  thorough 
course  of  training  in  engineering.  He  said  that  the 
result  of  his  observations  during  the  past  ten  years 
was  that  these  difficulties  had  been  constantly  de- 
creasing, and  in  a  wonderfully  rapid  ratio.  He 
doubted  that  any  young  man  who  has  the  spirit  and 
the  courage  and  the  pluck  would  find  any  difficulty 
that  he  can  not  overcome  in  the  way  of  obtaining  a 
thorough  training  in  an  engineering  school.  The 
speaker  observed  that  there  are  many  institutions  in 
this  country  which  have  excellent  engineering  depart- 
ments in  which  no  tuition  is  charged.  These  op- 
portunities have  arisen  within  the  last  ten  years. 
Again,  there  are  a  large  number  of  scholarships  and 
fellowships  that  are  given  in  various  institutions 
without  cost.  The  speaker  had  investigated  this 
question  to  some  extent,  and  had  been  particularly 
impressed  with  the  fact  that  there  remains  httle  dii- 


CORRESPONDENCE  SCHOOL  IN  TECHNICAL  EDUCATION.    103 

ficulty  in  the  way  of  obtaining  a  thorough  training  in 
an  engineering  school  to  any  one  who  so  desires.  He 
had,  indeed,  come  to  the  conclusion  that  it  has  be- 
come almost  too  easy  for  a  man  to  gain  an  education 
in  engineering.  Very  often  students  are  aided  in 
various  ways,  on  account  of  their  disposition  and  de- 
sires, who  are  really  not  fit  to  become  engineers,  and 
never  will  become  such.  He  thought  that  in  con- 
sidering this  question  the  Society  might  well  leave  out 
of  account  the  difficulties  that  prevent  deserving 
young  men  from  gaining  admission  to  the  best  engi- 
neering schools. 


ADVANCED    ALGEBRA     IN    ENGINEERING    AND 

OTHER  COLLEGE  COURSES. 

BY   FREDERICK   L.   EMORY, 

Professor  of  Mechanics  and  Applied  Mathematics,  West  Virginia  TTniversity, 
Morgantown,  "W.  Ta. 

It  is  very  generally  acknowledged  that  mathematics 
is  the  backbone  of  engineering  courses  in  universities 
and  professional  schools.  Such  being  the  case,  it 
would  seem  logical  that  each  part  or  vertebra  should 
be  designed  for  its  special  demands,  and  follow  one 
upon  another  in  such  a  manner  as  to  produce  a 
s\Tnmetrical  and  strong  structure.  That  such  a 
structure  exists  in  most  courses  is  believed  to  be  true, 
but  there  seems  to  be,  in  some  cases  at  least,  one  point 
that  might  be  improved.  The  relative  place  of  the 
subject  of  advanced  algebra  in  universities,  where  both 
general-arts  students  and  technical  students  enter  and 
continue  in  the  same  coui'ses  and  classes,  is  the  one  to 
which  reference  is  made. 

The  general-arts  student  studies  the  subject  as  a 
culture  study,  while  the  technical  student  pursues  it 
as  a  training  for  future  application  in  the  practical 
and  theoretical  treatment  of  applied  mechanics  and 
mathematics.  If  it  were  left  out  of  the  course  for 
the  arts  student,  he  could  substitute  the  elements  of 
trigonometry  or  geometry  without  much  detriment, 
and  since  his  work  in  mathematics  usually  stops  with 
trigonometry  or  analytic  geometry,  he  could  scarcely 
be  considered  as  having  lost  a  great  deal,  inasmuch  as 
a  deep  knowledge  of  algebra  is  not  essential  in  order 
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to  take  up  with  success  the  elementary  treatises  on 
geometry  or  trigonometry  or  analytics  usually  em- 
ployed. 

The  same  would  apply  to  the  technical  student,  ex- 
cept that  the  necessity  of  his  having  this  branch  cov- 
ered before  entering  upon  the  applications  to  me- 
chanics might  be  met  by  giving  to  such  a  student 
the  usual  advanced-algebra  course  along  with  the 
calculus,  or  supplementing  the  calculus  and  in  con- 
nection with  differential  equations. 

The  question  intended  to  be  brought  out  in  this 
discussion  is :  Would  it  not  be  better  for  the  engineer- 
ing student  to  have  the  courses  in  advanced  algebra 
succeed  those  in  calculus  rather  than  to  precede  the 
solid  geometry  and  trigonometry  ;  and  would  not  the 
general-arts  student  be  rather  benefited  by  such  a 
transposition?  It  seems  to  me  it  would  be  an  ad- 
vantage to  both.  It  appears  a  very  poor  pedagogical 
principle  to  teach  rules  of  thumb,  for  that  is  what  is 
done  in  every  course  in  which  it  is  attempted  to 
teach  under  advanced  algebra  those  principles  which 
are  so  clearly  and  easily  deduced  by  the  calculus  as 
mathematical  philosophy.  Would  it  not  be  better  to 
postpone  the  subject  until  the  student  has  acquired 
a  mathematical  reasoning,  rather  than  to  cram  his 
brain  with  rules  of  thumb  the  correctness  or  falsity  of 
which  he  cannot  see  and  does  not  believe  ? 

There  would  also  be  a  very  practical  gain  by  such 
postponement.  My  experience  is,  that  by  the  time 
the  student,  who  has  studied  advanced  algebra  in  its 
present  place,  has  followed  this  by  solid  geometry,  trigo- 
nometry, analytic  geometry  and  calculus,  he  has  quite 
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forgotten  the  rules-of-thumb  learned  under  advanced 
algebra  ( but  not  the  principles,  for  he  never  has 
learned  these,  they  having  been  too  advanced  for 
him ).  AVhen  he  comes  to  study  the  theoretical  and 
apphed  mechanics,  he  must  practically  review  the 
whole  subject  of  higher  algebra.  I  have  found  it 
necessary  to  supplement  the  courses  just  mentioned  by 
a  course  in  advanced  algebra,  theory  of  equations  and 
difierential  equations  before  starting  the  subjects  of 
mechanics.  The  question  naturally  arises,  had  not 
this  subject  better  be  ehminated  from  the  earlier  work 
and  the  time  be  spent  in  advancing  the  other  ele- 
mentary courses ;  or,  what  would  be  still  better,  let  the 
time  spent  in  imparting  a  memory-knowledge  of  ad- 
vanced algebra,  be  devoted  to  additional  drill  in  the 
use  of  factors  and  the  rapid  solution  of  simple  equa- 
tions up  to  and  including  the  special  cubics. 

The  present  sequence  does  not  produce  algebraists 
sufhciently  well  trained  in  handling  ordinary  equa- 
tions, not  to  mention  the  more  difficult  ones.  It  is 
beheved  that  after  having  studied  the  higher  branches, 
a  better  knowledge  of  advanced  algebra  may  be  ob- 
tained, and  in  less  time,  than  with  the  study  in  its 
present  place. 

Discussion. 

Professor  Merriman  thought  that  there  were 
two  points  in  this  paper  to  which  particular  attention 
should  be  called.  First,  that  the  higher  algebra  now 
usually  imposed  upon  the  student  at  the  beginning 
of  his  college  course  is  of  such  a  character  that  it 
might  well  be  deferred  until  a  later  period.  In  this 
the  speaker  concurred  entirely.     The   second  point. 
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and  one  to  which  the  speaker  wished  to  take  excep- 
tion, was  found  in  the  author's  statement  as  to  the 
necessity  of  supplementing  the  course  in  advanced 
algebra  by  the  theory  of  equations  and  differential 
equations  before  starting  on  the  subject  of  mechanics. 
The  speaker  believed  that  if,  on  the  contrary,  more 
time  Avere  expended  on  the  fundamental  principles 
of  mechanics,  without  attempting  to  cover  too  much 
ground  in  the  first  instance,  it  would  be  to  the  greater 
advantage  of  the  student.  He  thought  we  could  all 
learn  a  great  deal  from  the  admirable  instruction 
papers  in  mechanics  issued  by  some  of  the  corres- 
pondence schools  in  which  the  fundamental  prin- 
ciples of  mechanics  were  set  forth  simply,  clearly 
and  correctly  without  any  mathematics  except  arith- 
metic. It  seemed  to  him  that  the  fundamental  laws 
of  mechanics  and  physics  are  entirely  independent 
of  mathematics,  and  need,  therefore,  no  mathemat- 
ical education  for  their  understanding.  In  the  speak- 
er's judgment,  the  student  upon  entrance  to  the  en- 
gineering college,  needs  a  good  understanding  of  the 
fundamental  principles  of  mechanics. 

Professor  Hatt  said  that  in  his  experience  stu- 
dents came  to  the  study  of  mechanics  with  sufficient 
facility  in  integration  and  the  manipulation  of  equa- 
tions, but;that  they  were  deficient  in  the  underlying 
conceptions.  He  favored  the  proposal  to  introduce 
calculus  earlier  in  the  course  and  would  suggest  the 
value  of  graphical  explanation  and  of  numerical  ex- 
amples, as,  for  instance,  working  out  the  successive 
differences  from  the  tabulation  of  a  function  in  con- 
nection with  the  algebraic  work  of  calculus. 
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Professor  Bohannan  observed  that,  within  his  ex- 
perience as  a  teacher,  the  high  schools  do  not  give 
the  student  any  proper  conception  of  algebra  as  re- 
gards the  fundamental  laws  to  \Yhich  its  quantities  and 
operations  are  subject,  nor  of  geometry,  as  concerns 
the  hypotheses  which  lie  at  its  foundations ;  that  con- 
sequently to  the  college  freshman  comes  the  first  op- 
portunity, in  the  study  of  so-called  college  algebra,  to 
learn  these  things  and  thus  to  get  a  proper  idea  of  the 
division  of  the  domain  of  mathematics  into  the  va- 
rious classes.  In  the  oj^inion  of  the  speaker,  if  the 
topics  of  college  algebra  Avere  postponed  until  the  stu- 
dent has  had  analytical  geometry  and  calculus,  the 
need  of  taking  them  was  not  apparent,  since  the  stu- 
dent will  already  have  been  often  in  a  position  where 
a  knowledge  of  those  topics  was  essential  to  his  prog- 
ress. 

Professor  Mees  said  that  man}-  of  the  funda- 
mental conceptions  of  the  calculus  are  constantly 
made  use  of  in  elementary  djmamics,  and  students 
find  but  little  difficulty  in  grasping  these  ideas.  In 
the  Rose  Polytechnic  Institute  calculus  is  taken  up 
during  the  third  term  of  the  Freshmen  year  before  an- 
alytical geometry.  It  is  then  dropped  for  two  terms 
of  the  Sophomore  year  and  again  taken  up  during  the 
third  term  of  that  3^ear  and  continued  during  the 
whole  of  the  Junior  year ;  mainly  in  its  application  to 
dynamical  and  physical  problems.  So  far,  the  speaker 
said,  the  results  had  been  satisfactory.  When  the 
subject  was  taken  up  for  the  second  time  after  the  in- 
terval of  rest^ — and  in  the  studv  of  analvtical  sjeometrv, 
constant  reference  having  in  the  meantime  been  had 
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to  the  calculus  work  of  the  Freshman  year — it  seemed 
to  have  soaked  into  the  student  and  become  some- 
thing of  a  realit}''  and  not  merely  a  mathematical  arti- 
fice, such  as  it  is  too  frequently  looked  upon  by  the 
student. 

Professor  McNair  remarked  that  he  had  noticed 
what  seemed  to  be  a  tendency  on  the  part  of  some 
speakers  in  this  discussion  to  draw  a  sharp  Hne  of  dis- 
tinction between  calculus,  higher  algebra,  trigonom- 
etry, and  so  on,  for  the  various  other  branches  of 
mathematics.  He  thought  that  the  professors  of  both 
mathematics  and  engineering  ought  not  to  lose  sight 
of  the  fact  that  these  divisions  are,  after  all,  largely 
arbitrary. 


DIRECT    CURRENT   LABORATORY  WORK  IN    AN 
ELECTRICAL  ENGINEERING  COURSE. 

BY  FRANK  W.   SPRINGER, 

Instructor  in  Electrical  Engineering,  University  of  ;Minnesota,  Minneapolis, 

Minn. 

The  technical  or  engineering  college  is  of  recent 
origin.  Less  than  twenty-five  years  ago  only  the 
most  general  courses  were  given  in  the  sciences.  En- 
gineers of  that  period,  if  they  had  a  college  education 
at  all,  were  schooled  in  the  classics,  philosophy  and 
mathematics.  They  were  thus  compelled  to  get  their 
engineering  education  h'om  practice,  and  their  success 
as  engineers  depended  largely  on  self-education  and 
genius.  It  took  many  years  of  practice  in  which  to 
gather  the  technical  knowledge  necessary  to  success, 
and.  consequently,  engineers  were  not  only  well  be- 
yond middle-age  before  attaining  prominence,  but, 
having  very  little  theoretical  knowledge,  they  were 
not  fitted  to  meet  rapid  changes  even  in  their  own 
hues. 

Coincident  with,  and  largely  on  account  of,  the  in- 
dustrial application  of  electricity,  there  arose  a  great 
demand  for  engineers  who  were  adapted  by  education 
to  keep  up  with  the  rapid  progress  that  Avas  being 
made  in  all  branches  of  engineering.  The  practical 
men,  as  a  class,  could  only  do  as  they  had  done  before ; 
they  did  not  know,  nor  could  they  readily  understand 
the  new  theories.  The  theoretical  men,  on  the  other 
hand,  were  of  little  assistance  to  them,  because  their 
knowledge,  being  of  a  general  nature,  was  not  in  a 
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condition  to  be  applied.  Thus  there  came  a  clash 
between  theory  and  practice.  Craftsmen  laughed  at 
the  new-fangled  theories  which  would  not  work  in 
practice,  and  the  theorists  were  handicapped  because 
mechanics  could  not  make  special  application  of  gen- 
eral principles.  It  is  evident  that  the  above  condi- 
tions demanded  a  combination  of  the  qualities  of  the 
theorist  or  physicist  and  mechanic,  i.  e.,  technically 
educated  engineers. 

Because  of  the  above  demands,  the  technical  college 
was  developed  from  the  scientific,  just  as  the  scientific 
had  already  branched  off  from  the  classical.  Then 
there  arose  the  question  as  to  just  how  much  practical 
work  should  be  given  the  student.  Four  years  had 
long  since  become  the  regulation  length  of  a  college 
course,  and  if  there  was  any  tendency  to  change  it 
was  to  shorten  rather  than  to  lengthen  the  time.  It 
had  already  been  necessary  to  strike  out  many  of  the 
so-called  culture  studies  from  the  curriculum  to  make 
room  for  the  technical.  The  latter  having  been  in- 
troduced, it  was  necessary,  in  order  to  teach  practice, 
either  to  reduce  the  time  devoted  to  theoretical  instruc- 
tion, or  to  cut  out  more  of  the  culture  studies,  such  as 
languages,  history,  etc.  Some  colleges  went  so  far  as 
to  offer  courses  in  which  nothing  was  taught  but  shop- 
work  and  strictly  engineering  subjects.  This  simply 
amounted  to  a  quick  way  of  learning  a  trade.  Such 
courses,  however,  have  been  dropped  in  most  cases, 
because  it  was  found  that  graduates  either  pursued 
the  trade  thus  learned,  which  they  could  perhaps  bet- 
ter have  acquired  as  apprentices,  or  else  they  took 
enough  more  work  to  complete  the  regular  four-year 
course. 
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The  question  of  the  relative  amounts  of  time  to  be 
assigned  to  laboratoiy  or  shop-work  and  class-room 
studies  was,  and  still  is,  unsettled,  and  practice  varies 
greatly  in  the  different  engineering  colleges. 

The  Electrical  Dej^artment  of  the  Universitv  of 
Minnesota  does  not  aim  to  teach  trades,  but  rather  to 
turn  out  men  who  are  well  gi'ounded  in  theory. 
Practice,  which  is  but  the  continued  apphcation  of 
the  same  principles,  can  be  best  obtained  outside  of 
college.  Theor}^  cannot  be  taught  any^vhere  else  to 
better  advantage  than  in  school.  (It  may  be  re- 
marked parenthetically,  that  all  engineering  students 
are  advised  to  use  their  summer  vacations  to  the  best 
possible  advantage  in  securing  experience  along  their 
special  lines.  Students  who  are  backward  in  the  ap- 
plication of  theories  are  sometimes  advised  to  stay  out 
of  school  a  year  for  the  same  purpose.)  Sufficient 
laborator}^  work  is  given,  therefore,  to  clinch  the 
theory,  working  on  the  idea  that,  from  an  engineer's 
stand-point,  what  one  does  not  know  how  to  apph'  he 
does  not  know  at  all. 

When  just  enough  laboratory  work  is  given  to  en- 
able the  average  student  to  master  the  maximum 
amount  of  theory,  the  term  'theoretical  man.'  no 
longer  means  one  who  knows  a  great  deal,  but  can 
apply  little  ;  but  rather  one  who  knows  the  funda- 
mental principles  and  can  apply  them,  and  who 
knows  that  he  can.  Practice  will,  of  course,  make 
him  more  proficient.  To  illustrate — we  have  no 
hesitation  in  recommending  many  of  our  electrical 
students  to  take  charge  of  electric  power-houses  and 
the  like  immediately  on  graduation.     ]\Iany  of  them 
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have  done  it  with  success  and  others  have  taken  posi- 
tions of  responsibihty  in  other  branches  of  electrical 
engineering. 

When  it  is  learned  that  students  are  thus  fitted 
with  an  aggregate  of  only  300  hours  of  electrical  lab- 
oratory instruction,  most  practical  men  may  hesitate 
to  credit  the  gi-aduate  witli  much  knoAvledge  and  will 
probably  be  interested  to  know  something  in  detail  of 
the  laboratory  methods  used. 

To  start  with,  it  will  not  be  contended  that  the 
student  has  learned  most  of  what  he  knows  in  the 
laboratory ;  on  the  contrary,  notwithstanding  the  fact 
that  shops  and  laboratories  are  indispensable  to  an 
engineering  college,  the  greater  part  of  the  technical 
training  is  acquired  in  the  class  and  lecture  room. 

During  the  first  two  years  the  work  is  much  the 
same  as  in  the  regular  scientific  course,  with  the  ex- 
ception of  the  required  shop  work  and  drawing. 
The  student  acquires  a  good  general  education, 
learns  many  fundamental  principles,  most  of  which 
he  applies  in  some  prescribed  way,  such  as  problems 
and  outlined  laboratory  experiments.  He  is  es- 
peciall}'  well  grounded  in  physics  and  mathematics. 
The  subject  of  mechanics  is  studied  during  all  three 
terms  of  the  third  year.  Physics  is  continued  in  lec- 
ture, class  and  laboratory,  the  first  two  terms  of  the 
same  year.  In  the  second  term  of  the  third  year, 
there  is  a  course  of  lectures  on  industrial  electricity, 
treating  of  its  application,  the  use  and  abuse  of  in- 
struments, and  generally  outlining  the  technical  work 
to  follow.  In  the  third  term  of  the  third  year  the 
subject  of   dynamo-electric    machinery  is    taken  up 
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up  four  times  a  week  in  the  class  room,  using  S.  P. 
Thompson's  text-book,  which  is  supplemented  by  lec- 
tures and  by  reference  to  other  books  on  the  same 
subject.  This  is  accompanied  by  a  corresponding 
course  of  ten  hours  a  week  in  the  electrical  labora- 
tory, which  is  the  first  work  that  is  similar  in  any 
way  to  commercial  electrical  engineering. 

As  the  methods  used  in  this  course  depend  some- 
what on  the  preparation  received  in  the  previous  two 
terms  in  the  physical  laboratory,  it  will  be  well  to 
outline  the  latter. 

Out  of  a  total  of  46  experiments,  requiring  in  the 
aggregate  80  hours  in  the  laboratory,  the  following 
are  selected  to  indicate  the  nature  of  the  course : 

Determination  of  ''  H  "  by  two  methods.  Tangent 
galvanometer.  Calibration  of  ammeter  and  poten- 
tial galvanometer.  Determination  of  absolute  resist- 
ance and  electromotive  force,  calorimeter  method. 
Resistance  and  potential  problems.  Work.  Effi- 
ciency. Magnetic  properties  of  iron-,  B.,  "mu.,"  etc. 
Ballistic  galvanometer.  Determination  of  capacity 
of  condenser.     Coefficients  of  induction. 

On  finishing  the  above,  the  student  has  acquired 
a  thorough  understanding  of  the  theory  of  electric 
measurements,  an  acquaintance  with  the  construction, 
adjustment  and  care  of  delicate  electrical  instruments, 
has  learned  how  to  take  observations,  keep  notes,  and 
to  calculate  limits  of  error.  While  correct  manipu- 
lation is  necessary  to  produce  accurate  results,  which 
are  insisted  upon,  a  thorough  understanding  of  the 
fundamental  principles  is  held  paramount. 

Thus,  after  a  preparation  extending  over  a  period  of 
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nearly  three  j^ears,  the  student  has  vet  to  acquire  that 
special  knowledge  and  training  which  will  entitle 
him  to  the  degi'ee  of  Electrical  Engineer. 

As  has  already  been  stated,  his  practical  electrical 
experience  begins  with  120  hours  (M.  E.  students 
take  72)  in  the  third  term  of  the  third  year,  and 
is  briefly  as  follows : 

(1)  About  two  weeks,  or  20  hours,  are  spent  in  get- 
ting acquainted  with  the  electrical  laboratory  by 
tracing  and  making  diagrammatic  sketches  of  the  cir- 
cuits of  the  switch-boards,  room-wiring,  storage-bat- 
tery plant,  and  machines.  Different  methods,  as 
found  necessary,  are  used  in  locating  the  circuits,  such 
as :  by  sight,  pulling  the  wires,  magneto,  incandes- 
cent lamp,  voltmeter,  and  compass,  while  concealed 
wires  are  found  by  the  use  of  the  telephone  and  ex- 
ploring coil. 

(2)  Soldering,  splicing  wire,  and  wiring. 

(3)  General  care  of  dynamo  electric  machinery, 
setting  brushes,  sand-papering  commutators,  oils  and 
filters,  and  trimming  arc  lamps. 

(4)  Experimenting  with  the  electric  arc,  using  a 
magnet,  compass,  and  lens. 

(5)  Construction  of  an  ammeter  and  voltmeter 
from  a  galvanometer. 

(6)  Calibration  of  an  ammeter  and  voltmeter. 
7)  Test  of  fuse  wires. 

(8)  Insulation  testing  (a)  with  high  resistance  volt- 
meter, (b)  with  bridge. 

(9)  Study  of  a  dynamo  or  motor. 

(A)  Measurement  of  the  resistence  of  the  armature 
and  field  coils:  (a)  by  use  of  ammeter  and  voltmeter, 
(6)  by  use  of  bridge. 
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(B)  Circular  mils  per  ampere  in  coils,  etc. 

(C)  Sketch  of  the  magnetic  circuit. 

(D)  Determination  of  the  magnetic  leakage  co- 
efficient for  different  field,  excitations  by  the  ballistic 
galvanometer  and  temporary-coil  method. 

(E)  (a)  Operation  as  a  dynamo  and  as  a  motor, 
regulation,  effect  of  shifting  the  brushes,  etc.  (6) 
Running  as  a  motor  with  the  field  excited  by  the 
armature  only. 

(10)  Potential  curves  around  the  commutator,  show- 
ing the  distribution  of  the  magnetic  field. 

(11)  Application    of    the    fundamental    equation 

E  =  ^TT^r^  to  a  dynamo  and  to  a  motor,  to  find  "iV" 
10-  '^ 

and  "Z"  where  only  the  outside  layer  of  the  armature 
winding  can  be  counted. 

(12)  Magnetization  curves  of  a  dynamo  or  motor. 

(13)  Determination  of  the  series  turns  and  size  of 
wire  necessary  to  compound  a  shunt  dynamo  for  a  cer- 
tain per-cent.  rise  in  voltage  at  maximum  load. 

(14)  Application    of    the    fundamental    equation 

/^^Y^.     Given  the  machine   used  in  exp.  (9),  to 

compute  the  torque  under  certain  conditions  and  to 
prove  by  experiment. 

(15)  Application  of  the  fundamental  equation  of 
the  magnetic  circuit    -i-Sc 


10 

N  = 


^    1 


Given   a   machine   to 
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find  the  ampere-turns  for  different  parts  of  the  mag- 
netic circuit. 

(16)  Primary  and  secondary  cells,  care  of,  charging 
and  discharging,  measurement  of  the  internal  resist- 
ance, and  time  tests  with  curves  showing  current,  volt- 
age, etc. 

(17)  The  principal  characteristic  curves  of,  (a) 
shunt  dynamo,  [b)  series  dynamo  and  (c)  compound 
dynamo. 

(18)  Characteristic  curves  of  arc  dynamos ;  con- 
stant-current and  constant-potential  arc  lamps. 

(19)  Three- wire  distribution  experiment. 

(20)  Primary  calibration  of  ammeters  and  volt- 
meters, using  the  potentiometer  and  standard  resist- 
ances and  cells.     Watt-meter  calibration. 

(21)  Electrical  and  commercial  efficiency  curves  of 
a  dynamo  or  motor,  separation  of  all  losses,  use  of  the 
Prony  brake  and  cradle  dynamometer,  and  determi- 
nation of  the  best  speed. 

(22)  Temperature,  time,  resistance  and  current  test 
of  coils. 

(23)  Static  and  gyrostatic  balance  of  armatures. 

(24)  Station  operating. 

Laboratory  Methods. 
The  theory  is  given  first  in  class.    To  illustrate,  take 

experiment  (11) :  The  equation  E  =  g  and  its  ap- 
plication to  dynamos  and  motors  are  discussed  and 
explained  in  the  class-room.  A  problem  is  then  given 
in  which  "  N"  is  the  unknown  quantity.  As  soon  as 
possible  after  this,  generally  not  more  than  a  week, 
the  experiment  is  taken  up  in  the  laboratory. 
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There  is  in  almost  every  experiment  a  definite  nu- 
merical result  to  be  obtained.  As  accurate  results  are 
insisted  upon,  and  instruments  used  are  checked  in 
some  way  before  and  after  the  experiment,  the  student 
soon  learns  that  success  depends  entirely  on  his  own 
persistent  and  careful  efforts.  Having  once  learned 
this  his  work  begins  to  count,  he  will  accomplish 
more  alone  than  otherwise,  and  with  an  instructor  at 
his  elbow.  If  he  cannot  learn  to  feel  his  own  strength, 
he  will  never  start  an  experiment  with  any  other  idea 
than  that  he  may  perhaps  get  a  result,  which  would 
be  ruinous  to  all  prospects  of  success.  Such  a  student 
would  soon  be  spending  half  his  time  finding  excuses 
for  what  he  had  done  the  other  half. 

An  instrument  which  does  not  agree  with  itself 
within  a  small  known  limit  of  error  is  unfit  for  use 
by  students.  Nothing  will  more  effectively  prevent 
fudging  and  guessing,  and  will  instill  a  regard  for 
at  least  the  technical  truth,  than  the  use  of  accu- 
rate instruments  and  the  demands  for  accurate  re- 
sults. Poor  instruments,  poor  methods,  and  an  in- 
structor who  anticipates  every  new  idea  and  danger, 
will  spoil  the  best  of  students. 

With  good  instruments  and  good  methods,  most 
students  will  do  better  in  the  long  run  if  allowed  to 
use  their  own  judgment  as  to  when  they  need  assist- 
ance. And,  in  fact,  if  allowed  to  think  for  themselves 
at  the  beginning,  they  soon  learn  to  enjoy  using  their 
own  judgment,  and  will  not  seek  help  until  actually 
cornered,  and  even  then  sometimes  obtain  the  desired 
information  from  a  fellow-student.  This  is  well,  be- 
cause where  the  advice  of  an  instructor  would  be  ac- 
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cepted  without  question,  that  of  a  fellow-student  is 
carefully  considered  before  being  utilized. 

Some  students  have  difficulty  in  losing  the  primary 
school  idea  that  their  every  move  is  watched  and  that 
if  about  to  make  a  false  step,  they  will  be  warned  in 
some  providential  manner  in  time  to  save  themselves 
and  instruments.  In  work  where  not  only  instru- 
ments but  even  life  itself  must  be  entrusted  to  the 
memory,  such  helplessness  is  absolutely  dangerous, 
for  there  is  often  nothing  about  a  conductor  to  indi- 
cate whether  it  is  charged  or  not,  and  pressure  as  high 
as  40,000  volts  is  used  for  experimental  purposes  in 
the  electrical  laboratory  of  the  University  of  Minne- 
sota. It  must  not  be  thought,  however,  that  such 
dangerous  pressures  are  permitted  to  be  used  by  be- 
ginners. On  the  contrary,  the  above  statement  is 
made  to  show  the  necessity  Of  a  student  developing, 
as  soon  as  possible,  a  capacity  for  independent  action, 
an  appreciation  of  responsibiHty,  good  judgment  and 
correct  habits.  He  gets  the  first  by  acting  independ- 
ently, the  second  by  being  responsible;  good  judgment 
comes  only  from  using  judgment,  and  correct  habits 
from  the  repeated  use  of  proper  methods. 

It  is  sometimes  necessary  to  frankly  tell  students 
that  they  are  not  watched,  and  leave  them  alone  with 
the  understanding  that  results  will  tell  the  whole 
story.  This  method  sometimes  costs  the  department 
the  repair  of  an  instrument  in  the  early  part  of  a 
student's  career,  but  is,  no  doubt,  a  saving  in  the  end, 
because  once  a  student  has  learned  that  it  is  his  own 
head,  and  not  some  unseen  hand  that  keeps  him  out 
of  trouble,  he  seldom  has  any  difficulty. 
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The  prescribed  list  of  experiments  is  followed  only 
so  far  as  one  naturally  leads  up  to  another.  Experi- 
ments are  selected  to  fit  the  needs  of  different  stu- 
dents, who  are  encouraged  to  devise  new  ones  for 
themselves.  Shop  and  tools,  as  well  as  the  regular 
laboratory  instruments,  are  placed  at  their  disposal  at 
all  times.  The  laboratory  is  regularly  open  after- 
noons between  two  and  six,  yet  experimenters  can  be 
found  there  at  any  time  between  half-past  seven  in  the 
morning  and  two  at  night.  It  is  endeavored  as  far  as 
possible,  to  have  the  ten  hours  a  week  put  in,  in  con- 
secutive four-hour  periods,  as  it  is  found  that  the  less 
the  time  is  broken  up,  the  more  work  can  be  done. 

Every  student  keeps  in  a  note-book,  a  complete  ac- 
count of  all  experiments  undertaken,  which  book  is 
turned  in  at  the  end  of  the  term ;  and,  together  with 
the  time  and  general  character  of  the  work  done  in 
the  laboratory,  furnishes  the  basis  of  marking  and 
grading. 

It  might  be  supposed,  where  full  lee-way  is  given, 
and  no  restriction  placed  on  the  amount  of  work 
done,  within  reasonable  limits,  that  the  students 
would  soon  be  of  all  sorts  of  grades.  This  is  the  case, 
of  course,  to  an  extent  but  reall}^  is  not  objectionable, 
because  extra  work  done  is  the  individual's  own 
gain. 

A  condition  which  tends  to  increase  the  amount  ac- 
complished by  the  poorer  students,  is  that  the  best 
men  do  not  object  at  all,  as  a  rule,  to  having  the  poor- 
est men  as  laboratory  partners.  While  in  one  way 
this  is  not  a  good  arrangement  for  the  weak  student, 
since  his  partner  does  most  of  the  headwork,  yet,  in- 
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asmuch  as  it  keeps  him  up  with  the  class,  and  gives 
him  an  opportunity  to  clinch  the  theory  as  soon  as  it 
is  learned,  it  is  probably  the  best  that  can  be  done, 
since  the  required  number  of  experiments  cannot  be 
limited  to  what  the  poorest  man  can  do  working 
alone.  Another  way  of  making  the  grade  uniform, 
and  one  which  is  usually  agreeable  to  the  students,  is 
for  those  who  have  had  practical  experience  to  select 
as  partners  those  who  have  not  had  the  same  oppor- 
tunities. 

Experiment  No.  24 — Station  Operating — is  usually 
done  outside  of  regular  laboratory  time  and  consists 
in  running  the  dynamos  to  furnish  extra  lights  for 
University  evening  affairs.  For  this  the  students  are 
sometimes  paid,  which  is  also  the  case  with  wiring, 
those  who  can  do  such  work  being  given  the  prefer- 
ence over  outside  help. 

To  close  now  with  a  brief  accounting  of  the  re- 
maining 180  hours :  Seventy  hours  are  given  re- 
spectively to  the  first  and  second  terms  of  the  Senior 
year.  The  first  term's  work  is  on  alternating  cur- 
rents and  that  of  the  second  on  alternating  currents 
and  photometry,  arc  lights  and  incandescent  lights. 
The  remaining  40  hours  are  taken  up  by  plant  op- 
eration in  the  second  term  of  the  Senior  year,  operat- 
ing the  university  lighting  plant  under  the  direction 
of  the  regular  engineer. 

The  same  general  plan  is  followed  throughout,  the 
theory  being  first  taken  up  in  the  class  or  lecture  room 
and  then  followed  immediately  by  an  experimental 
demonstration  in  the  laboratory. 


A  HYDROCARBON  ENGINE  LABORATORY 
EQUIPMENT. 

BY  PROFESSOR  WM.  T.  MAGRUDER, 
Professor  of  Mechanical  Engineering,  Ohio  State  L'niversitT,  Columbus,  Ohio. 

The  mechanical  engineering  laboratory  of  the  Ohio 
State  University  has  been  fitted  up  for  the  testing  of 
gas,  gasoline  and  oil  engines,  as  undergi-aduate  stu- 
dent exercises,  for  original  thesis  work  and  for  ad- 
vanced or  post-graduate  exercises  and  research  work. 
Originally  it  possessed  onh'  an  Otto  sUde-valve  type 
of  gas  engine,  inherited  fi'oni  the  department  of  phy- 
sics. In  January,  1898,  it  secured  the  use  of  a  nom- 
inal ten  actual  horse-power,  non-scavenging,  Otto 
cycle,  gas  and  gasoline  engine,  fitted  up  with  both 
hot-tube  and  electric  ignition,  fij'^-ball,  hit-and-miss 
governor,  and  with  means  provided  for  changing  the 
clearance ;  and  also  of  a  nominal  six  actual  horse- 
power, scavenging.  Otto  cycle,  gas  engine  with  hot 
tube  ignition  and  with  inertia  hit-and-miss  governor. 
The  latter  has  recently  been  replaced  by  a  gas  and 
gasoline  engine,  nominally  of  six  actual  horse-power, 
provided  with  a  hit-and-miss,  inertia  governor  and 
with  means  for  changing  the  clearance.  Later,  we 
expect  to  install  an  oil  engine. 

In  the  measurement  of  the  Hquid  fuel,  oil  sufficient 
for  a  run  is  put  in  a  galvanized  iron  can,  out  of  doors, 
which  is  pro^ided  with  a  float  and  a  cahbrated  scale 
reading  by  fi'actions  of  gallons  and  by  liters.     From 
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this  can,  the  engine  pumps  its  supply,  and  to  it  the 
excess  flows. 

In  the  measurement  of  the  gaseous  fuel,  it  was  con- 
sidered, and  has  been  found,  to  be  desirable  to  be  able 
to  control  the  pressure  of  the  gas  and  also  to  get  gas 
of  a  uniform  quality  during  a  test.  To  attain  these 
ends  a  closed  gas-holder,  four  feet  diameter  and  eigh- 
teen feet  long  horizontally,  and  containing  two  hun- 
dred and  twenty-five  cubic  feet  was,  for  want  of  a 
better  place,  hung  from  the  ceiling  and  supported  on 
the  wall.  Pipes  were  so  arranged  that  water  entered 
it  at  the  bottom,  direct  from  the  city  mains,  at  a  pres- 
sure which  was  regulated  by  a  two-inch  valve  or  by  a 
three-fourth-inch  by-pass  valve.  The  gas-holder  is 
emptied  of  water  by  opening  a  valve  which  connects 
with  the  sewer  in  the  prolongation  of  the  inlet  pipe. 
The  gas  is  taken  into  and  taken  out  of  the  holder  at 
the  top,  a  check-valve  being  provided  to  prevent  the 
water  following  the  gas  after  the  holder  has  become 
completely  filled.  The  gas  from  the  main  or  from 
the  holder  is  then  led  either  directly,  or  through  a 
thirty-light  tin  meter,  to  the  engines.  If  through  the 
meter,  the  reading  of  the  meter  is  a  check  on  the 
reading  of  the  gas-holder,  and  also  a  test  of  the  meter 
at  that  pressure  and  temperature.  To  the  end  of  the 
holder  is  attached  a  four-foot  water-gage  glass,  pro- 
vided with  self-closing  cocks  in  case  of  the  breakage 
of  the  glass.  The  holder  was  calibrated  by  filling  it 
with  water  which  had  been  carefully  measured  in  the 
standard  cubic-foot  measure  of  the  department  of 
physics,  and  graduations  made  on  the  scale  attached 
to  the  water-gage  glass.     It  is  thought  that  the  error 
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of  reading  the  gas  consumption  b}^  this  method  need 
not  be  greater  than  one-tenth  cubic  foot.  The  gas 
pressure  is  measured  by  manometers,  and  is  kept  con- 
stant by  an  observer  ^Yho  regulates  correspondingly 
the  two-inch  and  the  three-fourth-inch  water  inlet 
valves  above  referred  to.  The  limit  of  gas  pressure 
obtainable  at  present  is  the  strength  of  the  gas-bags ; 
but,  with  these  disconnected,  it  is  thought  that  a  pres- 
sure of  twenty  pounds  can  be  obtained,  due  to  a  pres- 
sure of  forty  pounds  in  the  city  mains.  It  will  thus 
be  seen  that  the  quantity  of  gas  consumed  in  a  test  is 
obtained  b}^  measuring  the  quantity  of  water  required 
to  displace  that  many  cubic  feet  of  gas.  The  calorific 
value  of  the  gas  is  obtained  by  a  Mahler  calorimeter 
b}^  the  department  of  metallurgy,  and  by  a  Junker 
calorimeter  connected  to  the  gas  pipe  leading  from 
the  gas-holder  to  the  engine.  The  gas  is  led  to  the 
engine  by  a  one  and  one-half-inch  pipe,  and  through 
a  large  gas-bag,  or  through  a  floating  gasometer,  mth 
the  idea  of  giving  the  engine  plenty  of  gas  whenever 
it  has  need  of  it.  The  gas  for  the  hot-tube  is  meas- 
ured separately  by  a  five-light  tin  meter. 

The  air  is  measured  as  usual ;  in  our  case,  it  is 
measured  by  a  No.  4  Tobey  meter  of  1,500  cubic  feet 
capacity,  or  by  two  100-light  tin  meters  supplied  by  a 
blower,  from  which  the  air  is  conducted  to  the  engine 
by  a  6-inch  galvanized  iron  pipe  reinforced  by  col- 
lapse rings.  The  suction,  or  pressure,  of  the  air  is 
measured  by  a  water  manometer  connected  to  the  air 
pipe  by  way  of  a  2-gallon  bottle  to  prevent  the  violent 
fluctuations  of  level  due  to  the  engine  takinsr  air. 


o 


The  possible  variation  is  from  22  inches  of  water  pres- 
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sure  to  22  inches  of  suction.  The  moisture  of  the  air 
is  measured  by  a  Mason  hygrometer. 

The  number  of  revolutions  per  minute,  the  number 
of  admissions  of  gas,  and  the  number  of  explosions  of 
the  gas  so  admitted  per  minute,  are  counted  by  elec- 
tric contacts  being  made  and  recorded  by  three 
electric  counters  mounted  on  a  portable  board,  each 
having  its  own  switch,  and  also  one  switch  in  common, 
at  the  counters,  at  the  gas-holder,  and  at  the  oil 
reservoir  out  of  doors.  By  this  means,  the  person 
who  at  a  given  time  observes  the  reading  of  the  gas 
or  gasoline  holder,  and  who,  at  the  same  instant, 
throws  in  the  single  switch,  starts  all  three  counters 
into  operation  at  that  time,  and  so  begins  the  test. 
The  other  observer,  at  the  word  to  start  need  only 
read  the  air-meter  and  weigh  the  jacket-water.  The 
same  is  true  of  the  stopping  of  the  test. 

The  jacket-water  may  be  taken  either  from  a  can  28 
inches  in  diameter  and  7  feet  high,  placed  on  platform 
scales  on  a  frame  so  as  to  get  the  requisite  head,  and 
be  delivered  to  the  sewer ;  or  it  may  be  taken  from 
the  city  mains,  passed  through  the  jacket  and  be  de- 
livered to  the  above-mentioned  weighing  can.  It  is 
so  arranged  that  the  jacket-water  on  its  way  from  the 
weighing  can  to  the  sewer  may,  after  leaving  the 
jacket,  go  either  directly  there  or  be  sprayed  into  the 
exhaust  pipe,  and  be  either  trapped  out  of  the  ex- 
haust pot  or  go  entirely  out  Avith  the  exhaust  gases. 
The  temperatures  of  the  exhaust  gases  are  measured 
both  at  the  exhaust  outlet  and  at  the  exhaust  pot,  by 
mercurial  thermometers  having  nitrogen  atmospheres. 

A   rope-brake  working   on   a  water-cooled    brake 
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pulley,  provided  ^vith  internal  flanges,  has  given  en- 
tire satisfaction.  AVe  have  had  no  trouble  with,  nor 
reason  to  doubt  the  sufficient  accuracy  of  the  Crosby 
gas  engine  indicator  used. 

So  far  about  one  hundred  and  twenty-five  tests  have 
been  made  under  a  great  variety  of  conditions,  too 
numerous  to  mention  and  out  of  place  here. 


A   COMPARATIVE    STUDY    OF    THE    ELECTRI- 
CAL ENGINEERING  COURSES  GIVEN  AT 
DIFFERENT  INSTITUTIONS. 

BY   FRANCIS  C.   CALDWELL, 

Associate  Professor  of  Electrical  Engineering,  Ohio  State  University, 
Columbus,  Ohio. 

In  the  accompanying  table  the  credit  hours  have 
been  reduced,  as  far  as  possible,  to  a  common  basis. 
As  the  methods  of  crediting  studies  vary  greatly  in 
the  different  institutions,  and  as  the  catalogues  are 
often  indefinite  in  their  statements,  only  approximate 
results  can  be  hoped  for,  and  only  such  have  been  at- 
tempted. Thus,  variations  in  the  length  of  the  col- 
lege years  have  been  neglected,  and  also  the  length  of 
the  term  has  been  assumed  to  be  one-third,  and  the 
semester  one-half  a  year.  The  units  of  credit  adopted 
is  the  term-hour,  namely,  one  hour  per  week  for  one- 
third  of  a  year  and  thus  equal  to  two-thirds  of  a  se- 
mester-hour. Further,  as  the  amount  of  credit  al- 
lowed for  laboratory,  shop  and  drawing  varies  greatly, 
the  uniform  practice  has  been  followed  of  calling  two 
hours  of  these  subjects  equal  to  one  credit  hour.  At 
a  few  institutions,  especially  Worcester  and  Wisconsin, 
some  lecture  work  is  not  given  the  same  credit  as  reci- 
tations, and  while  this  is  a  very  rational  system,  it 
seemed  better,  for  the  purpose  of  comparison,  to  give 
the  same  credit  in  these  as  in  other  cases.  The  out- 
lines as  here  given  have  been  submitted  to  the  heads  of 
the  various  departments  represented,  with  the  request 
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that  they  correct  any  errors  that  they  may  discover; 
but  while  answei"S  have  been  received  from  nearly  all, 
complete  ^e^'isiou  has  been  undertaken  only  in  the 
cases  staiTed.  Although  it  cannot  be  hoped  that  on 
errors  have  been  overlooked,  considerable  care  has 
been  taken  in  checking  the  data,  and  it  is  beheved 
that  they  represent  the  courses  given  at  least  as  accu- 
rately as  the  average  catalogue. 

Among  the  interesting  points  brought  out,  is  the 
striking  variation  in  the  time  given  to  some  subjects 
as  contrasted  "uith  the  comparative  uniformity  in 
others.  Among  the  most  variable  ones  are  language, 
shop  work,  certain  mechanical  subjects  and  the  non- 
engineering  subjects  :  while  the  most  uniform  groups 
are  mathematics  and  physics.  It  is  interesting  to 
note  the  relatively  large  number  of  courses  in  which 
economics  and  law  are  included.  Shop-work  is 
omitted  entirely  at  Lehigh,  a  series  of  inspection 
visits  to  various  shops  being  substituted  instead. 
Worcester  and  Cornell  are  far  above  the  average  in 
shop  work,  while  Massachusetts  Institute  and  Co- 
lumbia are  as  far  below.  The  number  of  cases  in 
which  hydrauUcs  in  some  form  is  given,  and  the 
small  amount  of  time  usually  assigned  to  steam  en- 
gineering are  noticeable  points.  Inspection  trips  are 
mentioned  as  part  of  the  regular  work  in  ten  courses. 

Summer  work  is  required  at  Columbia  in  drawing 
and  designing,  at  Lehigh  in  inspection  of  shops,  and 
at  Worcester  in  shop  work — this  latter  fact  accounting 
for  the  large  amount  of  shop- work  at  that  institution. 
The  course  at  Columbia  is  interesting  in  the  extent  to 
which  it  is  subdi\dded  ;  in  one  semester  no  less  than 
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ten  subjects  being  carried  at  one  time.  At  Leland 
Stanford  such  extensive  use  is  made  of  the  elective 
system  that  comparison  was  in  this  case  impossible. 
It  is  an  interesting  fact  that,  of  the  eighteen  institu- 
tions examined,  twelve  are  working  on  the  semester 
system. 

In  most  cases  the  first  year  of  the  electrical  and 
mechanical  engineering  courses  is  the  same,  and  the 
same,  or  nearly  so,  as  for  the  civil  and  mining  engi- 
neering courses.  •  In  only  a  very  few  instances,  how- 
ever, does  this  year  serve  as  a  general  introductory 
year,  taken  in  common  by  all  students  in  the  technical 
courses.  In  several  cases  the  second  year  is  the  same 
in  electrical  as  in  mechanical  engineering,  and  in  two 
or  three  the  third  is  the  same  or  nearly  so. 

In  conclusion,  it  is  very  evident,  from  the  data  col- 
lected that  opinion  as  to  what  is  necessary  for  the 
education  of  an  electrical  engineer  varies  widely  at 
different  schools.  Since  all  of  these  schools  turn  out 
successful  engineers,  are  we  not  forced  to  the  conclu- 
sion, after  making  all  allowances  for  differences  re- 
sulting from  varpng  conditions,  that  within  a  con- 
siderable range  it  does  not  make  much  difference 
what  studies  are  chosen  ?  If  this  is  true,  would  it 
not  be  profitable  in  further  modifications  of  the  engi- 
neering courses  to  look  toward  greater  uniformity, 
both  among  the  different  courses  at  the  same  institu- 
tion, and  among  different  institutions;  and,  again, 
could  not  a  much  more  extensive  system  of  electives 
be  introduced,  without  detriment  to  the  quality  of  the 
education  furnished,  and  mth  more  or  less  advantage 
to  the  interest  taken  by  the  student  in  his  work  ? 
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Assistant  Professor  of  Mechanical  Engineering.  West  Virginia  University, 
Morgan tOT^n,  W.  Va. 

The  courses  of  instraction  in  engineering  in  all  edu- 
cational institutions  are  rightly  affected  by  such  local 
conditions  as  available  appropriations,  buildings,  lab- 
oratory equipments,  teaching  forces  and  the  wants  and 
needs  of  the  supporting  districts.  On  the  other  hand, 
many  courses  of  instruction  are  affected  in  a  less  justi- 
fiable way  by  college  traditions,  by  the  opinions,  preju- 
dices and  even  hobbies  of  the  head  professors,  and,  in 
many  instances,  by  restrictions  placed  upon  depart- 
ments by  general  faculties.  It  thus  happens  that  there 
are  very  few,  if  any.  ideal  coui*ses  of  instruction,  and 
almost  as  few  that  are  wholly  satisfactory  to  the  pro- 
fessors in  charge. 

It  is  not  within  the  power  of  the  Society  to  harmo- 
nize all  the  different  opinions  of  its  members,  nor  to 
establish  at  the  different  institutions  of  learning  rep- 
resented uniform  courses  of  instruction,  even  if  such 
were  desirable.  The  Society  has  accomplished  and  is 
accomplishing  much,  however,  by  the  interchange  of 
ideas  as  to  what  should  be  taught  and  the  best  methods 
of  teaching  the  same.  Probably  even  greater  good 
has  come  to  the  Society  by  its  very  existence  and 
thorough  organization  in  moulding  the  opinion  of 
general  faculties,  boards  of  control,  and  the  pubUc  gen- 
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erally  as  to  the  importance  of  engineering  education. 
It  is  my  belief  that  the  opinions  of  the  Society  will  be 
consulted  more  and  more  before  radical  changes  of 
courses  and  methods  of  instruction  are  forced  upon 
engineering  faculties.  This  statement  will  certainly 
be  true  as  to  the  extension,  to  the  engineering  depart- 
ments, of  the  elective  system,  now  being  adopted  by  a 
number  of  institutions  in  academic  courses. 

To  make  the  position  of  the  writer  clear,  it  may  be 
stated  that  at  the  West  Virginia  University  the  re- 
quirements for  graduation  in  all  departments,  except 
law  and  engineering,  have  been  made  entirely  elective. 
There  the  degree  of  "Bachelor  of  Arts"  is  given  upon 
the  completion  of  forty-two  full  courses,  which  must 
include  nine  courses  in  a  major  subject  and  six  courses 
in  a  minor  subject,  both  elected  by  the  student.  A 
course  consists  of  five  recitations,  or  lectures,  per  week 
during  a  term  of  twelve  weeks,  or  their  equivalent  in 
laboratory  or  other  practical  work.  Some  members  of 
the  faculty  desire  to  extend  this  system  so  as  to  in- 
clude the  engineering  courses.  They  would  grant  the 
degree  of  A.  B.  to  any  one  who  completes  nine  courses 
in  some  engineering  subject  and  complies  with  the 
remaining  requirements  mentioned.  Also,  any  en- 
gineering subject  may  be  elected  by  a  general-course 
student  having  the  requisite  preparation. 

The  above  statement  is  offered  as  a  reason  for 
soliciting  discussion  on  a  topic  which  has  already  been 
considered  at  least  twice  by  the  Society.  However, 
such  a  case  as  exists  at  the  West  Virginia  University 
has  never  been  presented  to  the  Society.  The  mem- 
bers who  took  part  in  the  previous  discussions  relative 
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to  this  subject  will  doubtless  have  new  ideas  to  pre- 
sent, and,  at  the  same  time,  the  Society  will  be  bene- 
fited by  the  opinions  of  the  members  who  have  not 
yet  expressed  themselves. 

It  is  not  the  purpose  of  the  writer  to  propose  at  this 
time  a  system  of  electives.  His  purpose  is  rather  to 
get  information  which  will  throw  some  light  upon  the 
proper  course  of  action  for  him  to  pursue  with  refer- 
ence to  his  own  institution.  At  the  same  time  he 
hopes  that  the  discussion  will  be  fruitful  in  contribut- 
ing something  to  the  general  knowledge  upon  the 
subject. 

In  order  to  open  the  discussion,  the  following  brief 
outhne,  including  a  few  of  the  advantages  and  disad- 
vantages, is  presented : 

I.  The  first  question  to  be  considered  is  the  ad^'is- 
abihty  of  adopting  any  system  of  elective  requirements  , 
for  engineering  degrees. 

The  fi'iends  of  the  system  will  doubtless  claim  : 

1.  That  its  adoption  would  simplify  many  of  the 
difliculties  in  engineering  instruction  by  affording 
combinations  of  studies  which  would  suit  particular 
aptitudes  and  needs  of  the  students. 

2.  That  it  would  permit  the  student  to  specialize  in 
the  line  of  work  which  he  intends  to  follow  after 
gi'aduation. 

3.  That  the  proper  sequence  of  studies  would  give 
the  necessary  breadth  to  the  course  elected  by  the 
student. 

4.  That  an  elective  system  would  result  in  better 
instruction,  since  the  quahty  of  the  instruction  given 
by  a  professor  would  be  his  only  method  of  attracting 
students. 
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5.  That  the  work  required  for  a  given  amount  of 
credit  would  be  made  more  uniform. 

On  the  other  hand,  it  is  obvious  that  if  the  system 
is  carried  out  to  any  considerable  extent,  the  results 
would  be : 

1 .  The  number  of  classes  would  be  greatly  increased, 
while  the  average  number  in  a  class  would  be  de- 
creased accordingly. 

2.  Larger  faculties,  more  buildings  wjth  special  lab- 
oratories and  increased  facilities  for  instruction  would 
be  necessary  to  give  opportunity  for  specialization. 

3.  The  student  would  cut  the  more  difficult  courses, 
and  in  so  doing  would  often  omit  the  elements  most 
essential  to  his  after-success.  Subjects  which  are  con- 
sidered fundamental  would  have  to  be  required  di- 
rectly or  indirectly,  or  they  would  have  to  be  made  so 
attractive  that  all  students  would  elect  them. 

4.  A  student  seldom  knows  the  exact  line  of  work 
that  he  is  going  to  follow  after  graduation,  and  if  left 
to  himself  would  often  allow  his  field  of  usefulness  to 
be  narrowed  by  elective  courses  that  coincide  in  part, 
and  by  premature  specialization. 

The  objections  mentioned,  though  very  grave,  do 
not  prove  that  elective  studies  have  no  place  in  engi- 
neering courses.  They  indicate  rather  that  the  sys- 
tem has  its  limitations,  and  that  some  restriction  must 
be  placed  upon  it  both  for  financial  and  pedagogical 
reasons.  What  these  restrictions  should  be,  is  open  to 
question. 

II.  The  next  matter  then  to  be  considered  is  the 
form  the  elective  system  may  take,  and  a  comparison 
of  this  system  with  that  of  prescribed  courses. 
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1.  The  course  system.  In  this  system  a  student  is 
usually  obliged  to  elect  his  entire  four-year  work  at 
the  beginning  of  the  Freshman  year. 

2.  The  course  system  with  stated  alternatives  or 
options.  The  optional  studies  are  usually  in  the 
Senior  year  onl}^  and,  therefore,  the  choice  between 
the  options  does  not  have  to  be  made  until  late  in  the 
course.  This  is  a  very  good  method  when  the  teach- 
ing corps  is  large  enough  to  offer  more  subjects  than 
in  the  regular  prescribed  course.  This  system  admits 
of  some  specialization  and  renders  administration 
easier  than  the  elective  system.  If  carried  to  any 
extent,  it  would  require  a  large  faculty  of  special- 
ists and  very  extensive  and  costly  equipment. 

3.  The  combined  course  and  elective  s^^stem.  In 
this  the  work  is  partly  prescribed  and  partly  elective. 
The  distribution  of  the  work  may  be  made  according 
to  the  outline  given  below,  any  term  of  which  may 
be  eliminated : 

A.  Required  general  culture  studies,  plus  elective 
general  culture  studies. 

B.  Required  semi-technical  studies,  plus  elective 
semi-technical  studies. 

C.  Required  professional  studies,  plus  elective  pro- 
fessional studies. 

Or,  required  studies  plus  elective  studies  in  which 
electives  may  be  free,  or  partly  restricted. 

There  is  a  tendency  now  to  raise  preparatory  re- 
quirements so  as  to  eliminate,  as  far  as  possible,  general 
culture  subjects  from  the  college  curriculum.  Semi- 
technical  studies  are  also  being  reduced  to  a  min- 
imum, so  that  there  is  not  a  very  great  opportunity 
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for  allowing  electives  in  either  group  A  or  B.  It 
would  seem  then  that  elective  studies  should  be  lim- 
ited to  professional  subjects  or  be  made  free. 

It  is  evident  that  in  small  colleges  where  there  are 
only  a  few  electives  to  choose  from,  there  is  prac- 
tically no  difference  between  this  system  and  the 
course  system  with  options. 

4.  The  elective  system.  This  might  take  several 
forms. 

(1)  Where  the  student  elects  his  major  subject  and 
the  minor  studies  are  fixed  by  the  major  professor 
or  by  a  committee. 

(2)  Where  the  student  elects  both  his  major  and 
minor  studies  by  groups. 

(3)  Where  the  student,  observing  the  proper  se- 
quence of  studies,  selects  the  required  number  of 
courses  for  graduation  from  those  offered  by  the 
engineering  college. 

The  system  designated  (2)  corresponds  closely  with 
the  one  proposed  for  adoption  in  the  engineering  de- 
partments of  West  Virginia  University.  If  this  were 
adopted,  only  nine  related  professional  courses  would 
be  required.  The  six  minor  courses  would  not  neces- 
sarily be  in  engineering,  while  the  only  restriction 
placed  upon  the  remaining  twenty-seven  courses 
would  be  the  observance  of  the  proper  sequence  of 
studies. 

III.  The  degree  to  be  given  with  an  elective  system 
of  requirements. 

The  degrees  heretofore  given  for  undergraduate  work 
had  varied  widely.  The  writer  has  always  preferred 
that  the  technical  degree  should  be  distinct  from  the 
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academic,  and  that  it  should  also  indicate  to  some  ex- 
tent the  character  of  the  studies  pursued.  With  a 
system  where  much  freedom  of  election  prevails,  it 
would  be  almost  impossible  for  the  degree  to  designate 
the  specialty  of  the  one  receiving  it.  In  such  cases 
there  would  seem  to  be  good  reason  for  adopting  a 
more  general  degree,  as  "  Bachelor  of  Science."  I  be- 
lieve that  a  degree  like  "Bachelor  of  Arts"  would  not 
be  understood  by  the  public  generally,  nor  by  those 
likely  to  employ  young  engineers.  Such  a  degree 
would  be  less  valuable  to  the  engineering  graduates. 

IV.  The  relative  amount  of  work  required  for  engi- 
neering and  academic  degrees. 

As  a  general  rule,  the  work  required  for  graduation 
in  engineering  is  considerably  in  excess  of  that  in 
academic  departments.  Should  a  uniform  elective 
system  be  extended  to  all  departments  of  a  university, 
the  number  of  courses  required  for  graduation  would 
necessarily  be  the  same  for  all  degrees  granted.  In 
my  own  opinion  this  would  not  be  desirable.  If  pos- 
sible, an  approximation  to  equal  total  work  in  the 
general  and  technical  courses  is  highly  desirable,  since 
an  excessive  disproportion  attracts  the  student's  notice. 
Yet  the  objects,  standards  and  methods  in  engineering 
education  are  so  different  that  there  can  be  but  little 
attempt  to  conform  to  academic  standards  and  re- 
quirements. 

V.  The  last  topic  to  be  submitted  is  that  of  entrance 
requirements,  where  an  elective  system  is  adopted. 
As  a  general  rule,  an  elective  S3'stem  means  high  en- 
trance requirements,  but  with  flexibility  enough  to 
allow  the  student  to  prepare  himself  for  any  subject 
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in  which  he  may  desire  to  specialize.  The  general 
tendency  seems  to  be  to  make  the  aggregate  prepara- 
tory requirements  the  same  for  all  courses.  This  ag- 
gregate is  usually  somewhat  greater  than  the  required 
number  of  courses  in  mathematics,  science  and  lan- 
guage considered  necessary  for  engineering  students, 
so  that,  after  these  essential  studies  have  been  taken, 
the  additional  required  studies  may  well  be  elective. 
After  the  necessary  requirements  have  been  met,  the 
maturity  of  the  student  is  most  desired.  This  cer- 
tainly can  be  secured  by  the  study  of  any  of  a  variety 
of  subjects,  from  which  the  student  should  have  the 
privilege  of  selecting. 

In  conclusion,  it  may  be  said  that  so  many  of  the 
studies  required  in  the  engineering  courses  are  pre- 
paratory to  the  professional  studies  that  there  is  no 
room  for  electives  except  in  the  Junior  and  Senior 
years.  Even  in  the  last  two  years  of  the  course  the 
permissible  variation  from  some  one  of  the  regular 
courses  is  so  slight  that  the  term  ''elective  system" 
would  be  deceptive.  However,  enough  electives  may 
be  allowed  in  the  Senior  year  to  offset  most  of  the  ob- 
jections to  a  rigid  course  system  and  permit  of  a 
proper  amount  of  specialization. 

DISCUSSION. 

Professor  Bull  wished  to  answer  a  small  part  of  the 
very  large  question  contained  in  the  paper  by  saying 
that  in  his  judgment  it  would  be  a  benefit,  as  a  rule,  to 
introduce  electives  in  the  Senior  year.  If  the  college 
has  sufficient  means  to  employ  a  large  number  of  in- 
structors to  teach  various  special  subjects,  he  considered 
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it  a  decided  advantage  to  give  the  student  a  chance  to 
make  certain  elections  in  the  Senior  ^^ear.  He  thought 
there  ought  to  be  no  question,  however,  about  electives 
in  the  Freshman  and  Sophomore  years.  In  the  speak- 
er's opinion,  it  should  not  be  made  possible  for  a  stu- 
dent to  omit  at  his  pleasure  such  subjects  as,  for  ex- 
ample, calculus  and  chemistry,  because  he  might  not 
think  these  things  were  absolutely  necessary.  The 
speaker  regarded  such  studies  as  essential  to  the  en- 
gineering profession  in  every  branch,  and  he  therefore 
thought  it  best  that  the  work  for  the  first  few  years 
should  be  fixed;  but  that  afterwards  the  student  might 
be  allowed  to  elect. 

Professor  H.  E.  Smith  said  that  at  the  institution 
with  which  he  was  connected,  electives  were  offered  in 
the  Senior  year,  both  in  the  mechanical  and  electri- 
cal engineering  courses,  and  that  the  student  was 
given  a  wide  latitude  of  choice.  Thus,  if  a  man 
wanted  to  specialize  in  railroad  engineering,  for  ex- 
ample, he  could  devote  a  large  proportion  of  his  time 
during  the  Senior  year  to  locomotive  or  car  designing. 

Professor  Allen  said  that  he  happened  to  have 
information  about  that  subject  in  its  relation  to  civil 
engineering.  At  the  institution  with  which  he  was 
connected,  three  options  had  been  provided  in  the 
Senior  year,  in  which  special  attention  was  given 
either  to  geodetic,  or  to  railroad,  or  to  sanitary  and 
hydraulic  work.  There  were  similar  options  in  the 
course  in  mechanical  engineering.  By  this  means 
more  or  less  liberty  was  given  the  student,  although 
on  fairly  distinct  lines,  to  shape  his  course  in  direc- 
tions either  attractive  or  likely  to  be  specially  useful 
to  him. 
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Professor  Sanborn  thought  that  electives  should 
be  controlled  in  such  a  way  that  if  a  student  wished 
to  take  a  certain  subject,  such  as  machine  designing, 
he  should  first  have  had  preparations  in  certain  other 
prescribed  studies.  That  would  necessarily  limit  the 
student's  choice  within  definite  lines.  In  this  way  a 
so-called  elective  system  would  really  involve  a  large 
amount  of  prescribed  W'Ork. 

Professor  Jacoby  said  that  at  Cornell  University  a 
limited  amount  of  elective  work  is  allowed  in  the 
Senior  year.  Two  hours  per  week  throughout  the 
year  are  devoted  to  any  one  of  eight  courses  offered, 
wdiile  three  exercises  per  week  for  two  terms  are  de- 
voted to  one  of  five  elective  laboratory  courses. 

Professor  Hatt  thought  that  the  question  of  elec- 
tive studies  in  a  given  course  depends  on  the  en- 
trance requirements,  which,  in  some  schools  in  the 
East  are  so  far  in  advance  of  certain  schools  in  the 
AVest  that  it  is  possible  for  the  former  to  present  in 
the  Freshman  or  Sophomore  year  technical  studies 
which  in  the  latter  schools  have  to  be  postponed  till 
the  Junior  or  Senior  year. 

Professor  S.  W.  Robinson  thought  there  was  great 
danger  of  carrying  the  matter  of  electives  too  far.  He 
had  known  students  who  had  been  well  equipped  with 
elective  studies,  and  when  they  had  left  college  and 
entered  life  they  had  gone  into  other  engineering  lines, 
in  which  their  special  elective  studies  had  been  of  lit- 
tle benefit  to  them.  The  speaker  was  satisfied  that  in 
some  cases  it  is  to  the  advantage  of  a  man  to  take 
elective  courses  in  the  Senior  year,  but  that  in  other 
cases  it   is  distinctly   to   his   disadvantage.     He  was 
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inclined  to  believe  that  elective  studies  should  not  be 
permitted,  except  in  rare  instances. 

Peofessor  Caldwell  agi-eed  with  Professor  Robin- 
son, and  thought  that  there  is,  therefore,  much  in 
favor  of  arranging  the  engineering  courses  as  nearly 
the  same  in  the  different  engineering  departments  as 
possible,  so  that  the  graduate  might  be  better  fitted  to 
devote  himself  to  any  line  of  engineering  work  that 
might  offer  him  the  best  opportunities.  Greater  spe- 
cialization can.  of  course,  be  carried  on  to  advantage 
in  post-graduate  work. 

Professor  Reber  thought  it  unquestionably  de- 
sirable to  offer  electives  in  the  Senior  year.  He  was 
of  the  opinion,  however,  that  students  should  not  be 
permitted  to  elect  in  the  Junior  year,  and  he  be- 
heved  the  tendency  to  be  against  this  practice.  No 
matter  what  branch  of  engineering  the  student  may 
wish  to  follow,  certain  fundamental  coui*ses  are  nec- 
essary, and  the  differentiation  should  not  be  made 
too  early.  The  speaker  believed  that  the  men  who 
succeed  best  in  after  hfe  are  those  who  have  been 
thoroughly  grounded  in  general  fundamental  prin- 
ciples before  they  begin  to  specialize. 

Professor  Aldrich  thought  it  would  be  hazard- 
ous to  allow  the  student  to  choose  many  of  his  courses 
in  the  Freshman  year,  or  to  permit  too  much  latitude 
with  respect  to  electives.  It  seemed  to  him  that  in  all 
cases  there  should  be  a  definite  character  of  work  that 
the  student  should  be  required  to  take,  while  certain 
collateral  studies  might  be  safely  offered  as  electives. 
In  general,  electives  should,  he  thought,  be  arranged 
in  groups  of  coordinate  subjects.     To  allow  a  student, 
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especially  in  his  early  years  at  college,  to  pick  out, 
here  and  there,  such  studies  as  he  pleased,  would  be 
a  questionable  policy  from  an  educational  point  of 
view.  The  student  would  thereby  gain  only  a  smat- 
tering of  education,  without  a  thorough  knoAvledge  of 
anything. 

Professor  Allen  wished  to  speak  briefly  with  refer- 
ence to  what  had  been  said  by  Professor  Reber.  The 
practice  at  the  institution  with  which  he  was  connected 
had  been  in  direct  opposition  to  the  practice  of  Pro- 
fessor Reber.  In  the  early  days  the  work  of  the 
Freshmen  and  Sophomore  years  had  been  taken  in 
common  by  the  students  in  civil,  mechanical  and 
mining  engineering.  The  selection  of  either  one  of 
these  courses  has  now  to  be  made  substantially  at  the 
end  of  the  Freshman  year.  In  fact,  an  election  is 
necessary  between  certain  courses,  as  early  as  the 
middle  of  the  Freshman  j^ear.  The  speaker  thought 
it  desirable  that  these  facts  should  appear  in  con- 
nection with  wdiat  had  been  said  by  other  speakers 
for  the  guidance  of  those  who  should  read  the  dis- 
cussion. 

Professor  Reber  did  not  wish  to  be  misunderstood. 
While  he  was  well  aware  of  what  Professor  Allen  had 
said,  and  granted  that  the  past  tendency  had  been  to- 
wards the  differentiation  of  courses,  yet  he  believed 
that  the  time  has  come  for  a  return  to  the  more  gen- 
eral engineering  courses  unless  the  requirements  for 
admission  are  materiall}"  raised.  If  they  could  be 
made  equivalent  to  at  least  two  years  of  a  general 
college  course,  specialization  might  profitably  begin 
early.     But  so  large  an  amount  of  the  same  funda- 


142  ELECTIVE  STUDIES   IN   ENGINEERING. 

mental  work  must  be  given  in  every  engineering 
course,  that  it  is  questionable,  even  under  this  condi- 
tion, Avhether  the  better  training  would  not  result 
from  later  differentiation.  It  is  the  common  experi- 
ence that  the  graduate  of  a  given  course  finds  cause 
for  regret  in  his  professional  life  that  his  work  in  col- 
lege was  not  laid  out  on  broader  lines.  After  gradu- 
ation he  can  far  more  easily  supply  deficiencies  in 
special  applications,  than  in  fundamental  principles. 

Professor  Eddy  inquired  whether  Professor  Allen 
could  not  state  the  considerations  which  controlled  at 
the  Massachusetts  Institute  in  determining  electives. 

Professor  Allen  said  that  he  was  not  fully  prepared 
to  do  that.  He  thought  it  proper  to  state,  in  answer  to 
Professor  Reber,  that  in  the  civil  engineering  courses, 
as  now  differentiated,  the  students,  at  the  close,  have 
received  more  than  a  full  year's  instruction  in  advance 
of  what  had  been  offered  when  the  earlier  practice 
was  inaugurated.  The  speaker  regretted  that  he  was 
not  in  position  to  state  the  causes  that  had  led  to  the 
present  policy.  Individually,  he  was  much  impressed 
with  the  fact  that  very  many  subjects  taught  in  en- 
gineering courses  contain  the  proper  elements  for  suc- 
cessful education,  and  a  large  degree  of  selection  is 
possible  without  that  injury  to  the  student  which 
would  result  from  substituting  studies  in  which  the 
training  element  is  not  conspicuous.  In  fact,  engi- 
neering courses  are  extremely  rich  in  subjects  which 
would  be  beneficial  in  almost  any  branch  of  after-life, 
and  thus  the  opportunity  for  differentiating  may  be 
wisely  permitted  at  an  early  date. 

President  Mendenhall  said  that  the  Society  was 
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very  much  indebted  tb  Professor  Jones  for  the  inter- 
esting paper  which  he  had  read.  He  wished  the 
indulgence  of  the  meeting  to  say  that  in  the  institu- 
tion with  which  he  was  connected  the  differentiation 
between  civil  and  other  engineering  courses  began 
at  the  middle  of  the  Freshman  year,  which  was  the 
practice  also  at  the  Massachusetts  Institute  of  Tech- 
nology. In  their  own  institution  the  shop  practice 
differed  considerably  in  amount  and  in  character  as 
between  the  mechanical  and  the  civil  engineering 
course  after  the  middle  of  the  Freshman  year. 


THE    DESIRABILITY    OF    UNIFORMITY    IN    THE 

USE  OF  MATHEMATICAL   SYMBOLS  AND 

TERMS;    AND    HOW   TO    SECURE 

SUCH    UNIFORMITY. 

BY  AETHUR   E.  HAYNES, 
Professor  of  ^lathematics,  University  of  Minnesota,  Minneapolis,  Minn. 

If  this  brief  paper  suffices  to  give  rise  to  a  fruitful 
discussion  of  the  subject  of  which  it  treats,  or  offers 
any  suggestions  of  value  in  such  a  discussion,  the  ob- 
ject of  its  author  will  have  been  fully  accomplished. 

He  is  not  unmindful  of  the  tremendous  difficulty  of 
securing  such  a  use  of  these  s^^mbols  and  terms ;  but 
he  also  appreciates,  in  some  measure,  the  great  ad- 
vantage that  such  a  reform  would  bring,  and  is  not 
discouraged  by  the  apparent  defeat  of  the  most  com- 
mendable attempt  which  has  already  been  made  by 
the  Society  to  accomplish  a  similar  reform  in  the  sub- 
jects of  electrical,  mechanical  and  civil  engineering. 

It  seems  to  the  wiiter  (a)  that  such  a  uniformity  is 
desirable  ;  first,  for  the  sake  of  clearness  in  mathemat- 
ical discussions,  and  second  because  of  the  nature  of 
mathematical  science;  and  [b)  that  such  uniformity 
may  be  secured  by  singleness  of  definition  and  by  con- 
ventional agreement. 

Under  the  first  head  (a)  it  may  be  remarked,  that 
while  it  is  utterly  impossible,  in  ordinary  language, 
for  different  persons  to  always  use  the  same  words  and 
terms  ^^ith  a  uniformity  of  meaning,  yet  in  the  science 
of  mathematics  this  can  be  done.  In  ordinary  langu- 
age there  are  many  ways  to  change  the  meaning  of 
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words,  e.g.,  by  the  tone  of  one's  voice,  by  changes  of 
the  countenance,  by  the  accompanying  gestures,  or 
by  the  use  of  itahcs;  but  in  the  science  of  mathe- 
matics the  symbols  and  terms  not  being  designed  to 
express  emotions,  but  scientific  ideas,  are  not  subject 
to  any  such  accidental  variations  of  meaning,  and  may 
therefore  be  employed  in  securing  the  uniformity 
advocated  in  this  paper. 

That  the  nature  of  mathematical  science  demands 
such  uniformity  is  so  plainly  evident  as  to  require  no 
argument.  Should  not  a  science  which  is  the  very 
foundation  of  exact  learning,  and  which  furnishes  the 
vehicle  for  conveying  the  ideas  of  all  the  other 
sciences  where  measurements  are  involved,  be  itself 
free  from  ambiguity  in  the  use  of  its  symbols  and 
terms  ? 

The  writer  proposes  to  point  out  a  few  cases  of  the 
ambiguous  use  of  terms  and  symbols  in  this  science, 
in  the  hope  of  helping  to  purge  it  from  such  defects. 
The  following  will  suffice  as  examples  : 

The  word  '  cancel '  is  used,  frequently  in  the  same 
work,  in  the  sense  of  the  striking  out  of  equal  factors, 
and  the  striking  out  of  numerically  equal  terms  with 
opposite  signs. 

The  symbol  0  (zero)  is  used  to  signify  an  entire  ab- 
sence of  number  and  an  infinitesimally  small  number. 

In  many  works  Naperian  logarithms  are  said  to  be 
characterized  by  the  modulus  unity,  while  in  others 
such  logarithms  are  called  natural  logarithms. 

Ratio  is  defined  both  as  the  quotient  of  the  ante- 
cedent divided  by  the  consequent,  and  the  consequent 
divided  by  the  antecedent. 

(10) 
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The  symbol  for  multiplication  (x)  is  said  to  mean 
'  times.'  '  multiplied  b}' "  and  '  into,'  some  of  which 
meanings  are  incorrect,  if  the  multipher  must  be  an 
abstract  number. 

The  term  parameter  is  used  to  signify  the  double 
ordinate  through  the  focus  of  a  conic  section,  and, 
again,  as  'an  arbitrary  constant  entering  into  an  equa- 
tion of  a  locus,  but  which  is  made  variable  by  hy- 
pothesis.' 

The  base  of  a  system  of  logarithms  is  symbolized 
by  e.  as  is  also  the  eccentricity  of  a  conic  section. 

The  word  '  decimal "  is  used  with  two  meanings. 

Even  the  word  'sum'  is  used  with  a  double  meaning. 
While  in  most  cases  it  is  used  to  signify  the  aggregate, 
yet  it  is  also  employed  to  indicate  the  limit  of  the 
sum,  as  is  the  case  in  deahng  with  an  infinite,  decreas- 
ing geometrical  progression. 

The  word  "  limit,'  as  defined,  generally  excludes  the 
number  toward  which  it  constantly  approaches,  but 
sometimes  it  does  not. 

The  word  '  pole'  as  used  in  analytical  geometry,  and 
as  used  in  the  theory  of  functions  of  a  complex  vari- 
able, has  entirely  different  meanings. 

The  word  equal,  as  used  in  different  works  on  geom- 
etry, is  applied  to  figures  having  the  same  magnitude 
and  form,  or  to  those  having  the  same  magnitude  and 
unhke  form. 

Quadratic  equations,  invoh-ing  both  the  second  and 
first  powei*s  of  the  unknown  quantity,  and  those  in- 
volving only  the  second  power  of  the  unknown  quan- 
tity, each  have  at  least  two  names. 

While  the  Greek  symbol  (~)  is  used  to  express  the 
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ratio  between  the  circumference  of  a  circle  and  its 
diameter,  and  also  to  signify  the  product  of  an  infinite 
series  of  factors. 

Spherical  degree,  as  used  in  geometry,  is  an  objection- 
able term,  for  it  signifies  area  rather  than  difference 
in  direction. 

The  foregoing  are  sufficient  to  suggest  the  desir- 
ability of  an  elimination  of  such  Janus-faced  terms  and 
symbols  from  the  science,  and  the  necessity  for  uni- 
formit}''  in  the  use  of  mathematical  symbols  and  terms. 

It  may  be  argued  that  the  context  removes,  in  most 
cases,  the  cause  of  any  misunderstanding,  and  that 
it  would  be  unwise  to  introduce  more  symbols  or 
terms  where  now  one  is  used  in  more  than  one  sense. 

While  the  writer  believes  that  this  argument  might 
seem  valid  in  the  case  of  more  mature  students  of  the 
subject,  yet  upon  the  whole,  when  those  who  are  prac- 
tically beginners  in  the  subject  are  also  considered,  he 
is  of  the  opinion  that  the  added  clearness  of  discussion 
caused  by  the  change  advocated  will  much  more  than 
compensate  for  the  necessar}-  increase  in  the  number  of 
terms  and  symbols  that  such  a  change  would  require. 

Under  the  second  head  (6),  the  suggestions  offered 
with  reference  to  singleness  of  definition  and  united 
action  on  the  part  of  those  interested,  seem  to  be  the 
best  available  means  for  securing  the  reform  herein 
discussed. 

In  conclusion,  the  writer  respectfully  and  earnestly 
suggests  that  the  Society  request  the  American  Asso- 
ciation for  the  Advancement  of  Science  and  the  Amer- 
ican Mathematical  Society,  at  their  coming  meetings, 
to  each  appoint  a  committee  to  act  with  a  committee 
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from  this  Society,  in  inaugurating  and  carrying  for- 
ward this  reform,  by  seeking  the  active  cooperation  of 
all  similar  organizations  throughout  the  world. 

Discussion. 

Professor  Waldo  thought  it  well  enough  to  inquire 
whether  there  was  any  prospect  of  a  practical  out- 
come to  the  Cjuestions  raised  by  the  author.  Everj'- 
body,  he  said,  recognizes  the  difficulties  pointed  out 
in  the  paper,  but  it  seems  unprofitable  to  dwell  upon 
the  subject,  because  there  is  no  way  of  carrying  out 
the  suggestions  made,  and  in  fact,  no  chance  of  ac- 
complishing anything  in  that  direction. 

Professor  Eddy  thought  the  matter  too  comphcated 
for  securing  uniformity  ;  that  a  similar  attempt  had 
been  made  in  electrical  branches  and  had  signally 
failed.  The  speaker  declared  that  such  efforts  had 
always  been  fruitless  ;  that  it  is  impossible  to  bring 
into  line  everybody  who  wishes  to  write  a  text-book 
and  compel  him  to  use  a  fixed  set  of  symbols.  While 
there  might  be  a  general  acceptation  of  certain  sym- 
bols, that  can  not  be  accomplished  by  the  action  of 
societies. 


A    CONVENIENT   LABORATORY   EQUIPMENT 

FOR  THE    STUDY  OF    DIRECT   CURRENT 

DYNAMOS   AND   MOTORS. 

BY  HAROLD  B.  SMITH, 

Professor  of  Electrical  Engiueering,  Worcester  Polytechnic  Institute, 
Worcester,  Mass. 

In  a  short  paper  presented  at  the  Boston  meeting  of 
the  Society,  a  year  ago,-''  the  writer  outhned  briefly  a 
plan  of  electrical  engineering  laboratory  organization 
which  was  believed  to  contain  several  important  fea- 
tures by  means  of  Avhich  the  equipment  of  such  a 
laboratory  could  be  made  most  effective  for  work  of 
instruction.  On  account  of  a  number  of  inquiries  re- 
garding the  details  which  make  such  a  plan  possible, 
it  is  thought  that  the  following  description  of  an  equip- 
ment, which  is  typical  of  several  to  be  found  in  the 
dynamo  laboratory  of  the  Worcester  Polytechnic  In- 
stitute, ma}^  be  of  general  interest. 

The  equipment  to  be  described  is  designed  in  such 
a  way  as  to  provide  for  practically  all  lines  of  experi- 
mental work  encountered  in  laboratory  instruction 
with  direct  current  dynamos  and  motors.  At  the 
same  time  the  system  of  connections  is  so  simple  and 
flexible  that  the  value  of  the  apparatus  for  any  one 
piece  of  work  is  not  impaired  because  of  its  applica- 
bility to  many  other  lines  of  experimentation. 

Two  1 8-kw.  machines  designed  by  the  writer  and 
manufactured  by  the  Elektron  Manufacturing  Com- 

*  Note  on  the  Organization  of  an  Electrical  Engineering  Laboratory,  Pro- 
ceedings, Vol.  6,  p.  49. 
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pany,  of  Springfield,  ^Nlass.,  are  directly  connected  by 
a  clutch,  pulley,  or  preferabty,  by  a  magnetic  clutch 
coupling  which  would  also  be  available  for  tests  on 
such  a  device.  Both  machines  have  standard  arma- 
ture windings  as  regularly  manufactured  for  the 
market,  but  are  provided  with  special  field  windings. 
One  machine  is  for  550  volts,  and  the  other  is  for  125 
volts.  The  shunt  \Nindings  have  about  50  per-cent 
more  copper  than  usual,  so  that  for  a  short  time  more 
than  double  the  usual  number  of  ampere  turns  may 
be  impressed  on  the  magnetic  circuit.  The  series 
windings  have  about  double  the  usual  amount  of 
copper,  so  that  shunts  may  be  provided  to  secure  va- 
rious percentages  of  compounding,  and  so  that  the 
main  shunt  circuit  may  be  thrown  out  entirely  and 
the  machine  operated  as  a  series  motor  when  desired. 
The  shafts  project  beyond  the  bearings  at  the  com- 
mutator end  of  the  machines  so  that  absorption  or 
transmission  dj^namometers,  couplings  or  pulleys  may 
be  applied  to  either  machine,  and  the  machines  loaded 
by  any  one  of  several  different  methods  as  may  be  de- 
sired for  different  experiments. 

Each  circuit  of  each  of  the  machines  is  brought  to 
terminals  on  a  special  switchboard,  so  that  the  student 
having  occasion  to  use  the  machines,  finds  them  en- 
tirely disconnected  ;  but,  by  means  of  taper  brass  plugs 
at  the  ends  of  flexible  switchboard  cable,  he  is  able  to 
connect  the  brass  terminals  on  the  board  with  no  loss 
of  time,  provided  he  understands  the  theory  of  his  ex- 
periment. If  he  does  not  understand  what  he  is 
doing,  he  usually  produces  a  short  circuit  or  other- 
wise fails  to  operate  the  machine  and  then  studies  out 
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the  theory  of  his  connections.  After  one  or  two  ex- 
periences of  this  sort,  he  comes  to  the  laboratory  with 
a  knowledge  of  his  experiment  that  enables  him  to 
make  his  connections  promptly,  correctly  and  with- 
out the  assistance  of  an  instructor. 

In  series  with  each  armature,  and  before  the  circuit 
reaches  the  terminals  on  the  board,  is  placed  a  circuit 
breaker  which  protects  the  armature  and  incidentally 
surprises  the  student  into  a  thorough  appreciation  of 
its  function  and  value  as  a  protective  device  when  he 
attempts  to  start  the  machine  as  a  motor  with  the 
field  circuit  open,  as  is  usually  attempted,  at  least 
once,  by  each  student  in  the  early  stages  of  his  train- 
ing. Around  each  of  the  shunt  circuits  is  placed  a 
high-resistance  graphite  pencil  to  take  the  inductive 
discharge  should  the  shunt  circuit  be  broken  at  full 
excitation,  and,  before  reaching  the  terminals  on  the 
board,  a  fuse  is  placed  in  the  circuit,  so  as  to  protect 
the  winding  from  excessive  current.  The  series  cir- 
cuits and  the  instruments  on  the  board  are  also  pro- 
tected by  fuses,  so  that  faulty  connections  on  the  part 
of  the  student  involve  so  much  time  spent  in  replac- 
ing fuses  that  there  is  a  strong  incentive  added  to  his 
natural  or  acquired  inclination  to  do  careful,  sys- 
tematic work.  The  blowing  of  a  fuse  or  the  opening 
of  a  circuit  breaker  serves  the  double  purpose  of  pro- 
tecting the  apparatus  and  notifying  the  student's 
sharpest  critics,  his  fellow- workers,  of  a  faulty  connec- 
tion or  careless  work. 

For  each  machine  is  provided  a  field  rheostat  of  the 
enamel  type  and  of  greater  range  of  resistance  values 
than  usual ;  also  a  starting  resistance  with  underload 
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release  which  may  be  connected  into  the  armature 
circuit. 

Suitable  hues  run  from  the  s\vitchboard  at  the  ma- 
chines to  a  general  supply  and  distribution  s\^itch- 
board  where  connections  can  be  made  for  supply  of 
current,  to  additional  instruments  or  to  any  pieces  of 
apparatus  in  the  entire  laboratory  equipment  desired 
for  any  piece  of  experimental  work. 

An  experience  of  several  years  with  this  type  of 
equipment  has  shown  that  the  apparatus  is  not  injured 
by  ignorant  or  careless  students,  that  the  student  can 
be  thrown  entirely  upon  his  o^vn  resources  when  work- 
ing viith  the  machines,  that  he  must  understand  the 
theory  of  his  experiment  before  he  can  manipulate 
the  apparatus  successfully,  that  the  equipment  is  ex- 
tremely flexible  and  apphcable  to  different  experi- 
ments and,  finally,  that  the  time  and  attention  de- 
manded of  the  instructor  is  materially  reduced. 


THE  RELATIVE   DISTRIBUTION    OF  THE   IN- 
STRUCTING  FORCE    IN    COLLEGIATE 
DEPARTMENTS. 

BY  JOHN  P.  JACKSON, 

Professor  of  Electrical  Eugineerins,  Pennsylvania  State  College, 
State  College,  Pa. 

The  relative  number  of  instructors  in  the  different 
departments  of  engineering  colleges  is  exceedingly 
varied.  This  probably  results  from  two  causes  :  first, 
the  personal  equation  as  affected  by  the  heads  of  de- 
partments, and  second,  the  fact  that  there  is  Kttle  suit- 
able data  available  for  indicating,  or  for  assisting  in 
determining,  the  proper  proportions. 

College  instructors  may  be  conveniently  ranked  in 
three  classes.  In  the  first  may  be  placed  all  those 
heads  of  departments  who  are  exceptionally  energetic, 
especially  in  building  up,  developing  and  extending 
their  own  lines  of  work.  To  the  next  class  may  be 
assigned  men  who  are  energetic  in  the  performance  of 
their  duties,  but  who  do  not  give  much  attention  to 
the  growth  of  the  departments  under  their  charge. 
And,  finally,  a  class  must  be  added  of  those  professors 
who  perform  only  the  duties  assigned  them  under 
their  contracts,  leaving  questions  of  department  or 
college  development  to  others. 

Even  where  the  most  efficient  corps  of  instructors 
is  found,  some  of  the  men  are  certain  to  excel  in 
executive  abihty  and  other  quahfications  required  for 
the  development   and    growth    of  collegiate  or  uni- 
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versity  work.  Such  men  will  naturall}^  be  able  to 
obtain  from  college  presidents  or  executive  boards,  ad- 
ditions to  their  teaching  force,  apparatus,  etc.,  more 
readily  than  will  their  colleagues.  The  fact  that  un- 
equal distribution  is  often  made  from  such  a  cause  is 
well  known  to  every  member  of  the  Society.  The 
college  president  has  very  little  basis  other  than  the 
arguments  presented  to  him  bj^  the  professors,  for  deter- 
mining the  most  just  and  equitable  distribution  of  the 
instructing  force.  He  may  study  the  catalogues  of  sister 
institutions  and  obtain  some  general  idea  of  what  is 
elsewhere  considered  for  the  best  interest  of  all  depart- 
ments, but  even  though  he  use  the  greatest  care  in  such 
an  examination,  the  variety  of  results  obtained  will 
leave  him  \Yiih  little  useful  information.  The  matter 
thus  resolves  itself  largely  into  a  question  of  local  in- 
fluence and  conditions,  so  that  the  opinions  of  the 
energetic,  enthusiastic  professor  are  quite  likely  to  be 
given  undue  weight. 

Such  a  state  of  affairs  is  apt  to  strengthen  one  or 
more  departments  of  the  college  to  such  an  extent  as 
to  detract  materially  from  the  value  of  the  others. 
For  instance,  it  is  not  uncommon  in  colleges  offering 
undergraduate  work  in  classics,  hterature,  modern 
languages,  science  and  engineering,  that  an  excess  of 
aggi-essiveness  on  the  part  of  either  the  technical  or 
non-technical  members  of  the  faculty  will  cause  an 
undue  development  along  engineering  or  hterary  lines, 
thus  seriously  weakening  the  institution  in  vital  points. 
It  is  not  intended,  of  course,  to  intimate  that  develop- 
ment in  every  department  should  not  be  made  as 
rapidly  as  is  consistent  with  the  conditions,  but  rather 
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to  emphasize  the  importance  of  equah^ing  that  de- 
velopment throughout  all  lines  of  work.  In  consider- 
ing the  engineering  school  by  itself,  it  will  be  found 
that  quite  frequently  one  course  has  a  relatively  much 
greater  development  than  the  others,  thus  destroying 
the  proper  equilibrium.  The  difference  may  be  in 
equipment,  buildings,  or  in  other  features  ;  but  it  is  al- 
most always  accompanied  by  an  undue  relative  in- 
crease in  the  number  of  department  instructors. 

To  indicate  how  variable  American  practice  is  in 
regard  to  this  matter,  the  writer  has  taken  the  cata- 
logues of  ten  leading  colleges  and  universities  giving 
strong  engineering  courses,  and  has  made  the  following 
tabulation  of  the  relative  number  of  instructors  in  the 
departments  of  mechanical,  civil  and  electrical  en- 
gineering. In  this  table,  the  number  in  electrical  en- 
gineering is  called  100  per-cent  and  those  in  the  other 
two  courses  rated  accordingly. 


Designation  of 
Institution. 

E.  E.  Course. 

M.  E.  COUKSK. 

C.  E.  Course. 

No.  1 

100 

160 

160 

"   2 

100 

80 

80 

"   3 

100 

150 

100 

"   4 

100 

200 

100 

"   5 

100 

150 

200 

"   6 

100 

100 

130 

"   7 

100 

250 

100 

"   8 

100 

150 

3oo; 

"   9 

100 

100 

200 

"  10 

100 

175 

150 

It  W'ill  probably  be  said  that  the  differences  shown 
in  the  table  are  due  largely  to  the  kind  of  training 
called  for  in  the  section  of  country  from  which  each 
institution  draws  its  students.     This  would  be  a  nat- 
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ural  inference  if  the  largest  classes  had  relatively  the 
greatest  number  of  instructors,  but  this  is  not  borne 
out  by  the  facts.  In  making  the  tabulation,  instruc- 
tors in  shop-work  and  elementary  drawing  were  not 
credited  to  the  mechanical  engineering  courses,  and 
other  instructors,  who  give  part  of  their  time  to  non- 
engineering  work,  were  given  only  a  fractional  credit. 
It  is  impossible  to  prepare  a  perfectly  accurate  tabula- 
tion of  this  kind  from  the  study  of  catalogues,  on  ac- 
count of  work  overlapping  more  or  less ;  but  the  results 
are  close  enough  to  give  an  approximately  true  view 
of  the  subject. 

It  is  noticed  that  the  ratio  of  the  teaching  force 
between  mechanical  and  electrical  engineering  varies 
from  80  to  250  per-cent,  and  that  the  ratio  between 
civil  and  electrical  varies  from  80  to  300  per-cent 
If  the  departments  of  modern  languages,  English, 
mathematics,  chemistry  and  physics  had  been  in- 
cluded in  the  tabulation,  the  variations  in  the  several 
institutions  would  have  been  found  to  be  still  more 
marked.  The  number  of  instructors  in  a  course  does 
not  seem  to  depend  to  a  very  large  degree  upon  the 
number  of  students  enrolled.  In  fact  the  variations 
of  numbers  of  students  and  relative  numbers  of  in- 
structors were  found  to  be  so  erratic  as  to  indicate  but 
small  relation  between  these  two  factors.  The  ratios 
given  are  doubtless  largely  the  result  of  the  relative 
personal  aggressiveness  of  the  heads  of  the  depart- 
ments. 

The  question  is  one  of  serious  importance  to  a 
school  of  engineering,  not  only  from  the  standpoint 
of  an  equitable  distribution  of  the  instructing  force 
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among  the  engineering  departments  themselves,  but 
also  as  bearing  upon  the  general  preparatory  work  of 
the  first  years  of  a  college  course.  For  instance, 
grave  injury  may  readily  be  done  the  engineering 
work,  if,  say,  the  chemical  department  has  been  un- 
duly developed,  since  this  must  necessarily  be  done 
at  the  expense  of  other  work. 

Data  which  would  give  the  average  practice  of 
American  colleges  in  this  regard  should  prove  of 
great  service  to  the  faculties  and  the  presidents  of 
institutions  offering  courses  in  engineering.  In  this 
paper,  the  writer  merely  desires  to  call  the  attention 
of  the  Society  to  present  conditions  without  even  sug- 
gesting a  scheme  for  properly  controlling  the  distri- 
bution of  the  instructing  force,  or  attempting  to  pre- 
sent information  which  would  be  of  service  for  that 
purpose.  The  data  for  such  a  scheme  could  only  be 
obtained  through  the  medium  of  an  officer  connected 
with  each  institution.  Results  gathered  in  this  way 
would  have  the  advantage  of  coming  directly  from 
persons  knowing  all  the  peculiarities  and  local  condi- 
tions by  which  they  are  affected.  The  gathering  of 
such  data  and  its  formulation  into  useful  shape  can 
be  done  only  by  an  association  of  representative  tech- 
nical college  men. 

Discussion. 

Professor  Jacoby  considered  it  rather  difficult  to 
discuss  the  subject  because  there  was  no  indication  in 
the  paper  of  the  character  of  the  several  courses.  It 
is  a  well-known  fact  that  recitations  require  much 
smaller  classes  than  drawing  and  lectures ;  again,  in 
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certain  laboratory  courses,  fewer  students  can  be 
handled  in  a  body  than  in  field  work.  In  the  speak- 
er's judgment  little  information  can  be  gathered  from 
such  tables  unless  more  detailed  information  is  given 
as  to  the  character  of  the  courses,  which  had  much 
more  influence  upon  the  number  of  students  per  in- 
structor than  anything  else.  Furthermore  the  speaker 
thought  the  reason  assigned  by  the  author  insufficient 
to  account  for  the  facts  presented. 

Professor  Waldo  thought  one  essential  thing  had 
been  omitted  in  the  construction  of  the  table,  nameh', 
the  geographical  distribution.  For  instance  the  in- 
stitutions designated  as  Nos.  2,  6  and  7  show  speciaU- 
zation  in  different  directions.  In  one  there  is  an  ex- 
cess of  electrical  engineers  as  teachers,  in  the  second 
of  civil  engineers,  and  in  the  third  of  mechanical  en- 
gineei's. 

If  these  three  institutions  are  near  enough  together 
to  draw  largely  from  the  same  constituenc}^,  and  if 
one  deliberately  strengthened  one  department,  a  sec- 
ond another,  a  third  still  another,  this  distribution  of 
function  would  be  wise  and  highly  commendable. 
Other  circumstances  can  be  imagined  where  it  would 
be  just  the  reverse.  The  table  in  its  present  form 
gives  no  basis  for  discussions  of  this  character. 

Professor  Marburg  said  that  he  had  been  keep- 
ing statistics  for  some  years  of  the  attendance  in  the 
several  engineering  courses  of  many  institutions. 
The  ratio  between  the  totals  for  different  courses  in  a 
given  college  is  often  quite  considerable.  Not  infre- 
quently it  is  so  marked  that,  while  the  classes  in  one 
course  might  be  handled  in  a  single  body,  in  another 
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they  would  have  to  be  divided  into  sections  for  effec- 
tive instruction.  In  the  latter  case,  the  staff  has  to 
be  increased  correspondingly,  although  this  might  be 
in  no  way  indicative  of  greater  favors  shown  to  one  de- 
partment than  to  another.  It  seemed  to  the  speaker 
that,  in  the  absence  of  accompanying  statistics,  relative 
at  least  to  the  number  of  students,  no  conclusions 
could  be  safely  drawn  from  the  figures  presented. 

Professor  Allen  considered  it  a  very  difficult 
matter  to  construct  any  table  which  would  accurately 
represent  the  comparative  work  done  by  instructors 
in  different  courses  and  in  different  colleges.  At  the 
institution  with  which  he  is  connected,  one  of  the 
teachers  in  the  civil  engineering  department,  gives 
instruction  in  hydraulics  to  a  greater  number  of  stu- 
dents in  mechanical,  and  in  electrical  engineering 
than  to  students  in  his  own  department.  Students  in 
mining  engineering  receive  all  their  instruction  in 
surveying  from  members  of  the  department  of  civil 
engineering.  The  professor  in  charge  of  the  depart- 
ment of  mechanical  engineering  appears  in  the  cata- 
logue as  "  Professor  of  Applied  Mechanics."  The 
speaker  had  recently  attempted  to  determine  the 
amount  of  time  spent  by  various  members  of  the 
faculty  in  their  special  lines,  and  had  failed  to  ac- 
quire satisfactory  results  from  data  vastly  superior  to 
that  contained  in  the  catalogue.  Under  such  condi- 
tions it  would  be  futile  for  any  outsider,  for  the  pur- 
pose of  making  a  tabulated  statement,  to  attempt  to 
determine  what  force  should  be  given  to  data  secured 
from  catalogues. 

Professor  Mees  observed  that  the  trend  of  the  dis- 
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cussion  suggested  something  that  he  was  afraid  would 
never  be  reahzed,  namely,  that  in  the  study  of  such 
questions  we  might  safely  appeal  to  the  catalogues. 
He  thought  it  unnecessary  before  a  meeting  of  college 
professors  to  make  any  comment  on  what  that  meant. 
It  is  well  kno^^^l  that  the  ordinary  catalogue  does  npt 
disclose  exactly  what  work  each  professor  is  engaged 
in,  or  how  much  time  is  allowed  to  each  study.  The 
speaker  had  endeavored  to  gather  statistics  with  a  view 
of  making  a  comparison  between  the  time  allotted  to 
different  subjects  at  various  colleges,  and  the  amount 
of  work  done  by  each  professor  ;  but  had  had  to  give  it 
up  as  a  Chinese  puzzle.  He  believed  the  only  Avay  in 
which  reliable  data  could  be  gathered  upon  such  sub- 
jects was  to  get  them  directly  from  some  one  identified 
with  each  particular  institution.  He  had  tried  to 
compile  such  data  for  his  own  institution  by  going 
back  to  the  earlier  catalogues,  and  he  had  found  it 
almost  impossible.  The  speaker  believed  that  valu- 
able and  exceedingly  instructive  results  might  be  ob- 
tained, if  such  data  were  collected  for  the  various 
colleges  in  the  manner  suggested,  and  the  results 
tabulated  and  laid  before  the  Society. 


THE    ESSENTIALS    OF    A    TECHNICAL 
EDUCATION. 

BY  ARTHUR  L.  RIGE, 

Professor  of  Steam  Engineering  and  Applied  Electricity,  Pratt  Institute, 
Brooklyn,  N.  Y. 

In  the  broad  and  ever-extending  field  of  designing, 
manufacturing  and  construction,  grades  and  degrees 
of  skill  are  required  varying  from  that  of  the  factory- 
helper  to  that  of  the  engineer  in  charge.  For  each 
grade  a  different  kind  of  ability  and  experience  is  re- 
quired, obviously  of  small  amount  in  the  lowest  grade, 
and  as  broad  and  varied  as  possible  in  the  highest. 
In  the  lowest  grade,  the  daily  experience  of  the 
laborer  is  generally  sufficient  training  and,  as  the 
thinking  is  done  by  those  in  charge,  no  education  is 
necessary.  For  the  engineer,  the  best  training,  both 
in  practice  and  in  theory,  is  being  developed  in  a  sat- 
isfactory manner  by  the  colleges  devoted  to  that  work. 
Between  these  extremes  are  the  superintendents,  fore- 
men, draftsmen,  skilled  mechanics,  etc.,  men  whose 
positions  demand  considerable  knowledge,  experience 
and  ability;  but  not  necessarily  the  qualities  of  the 
engineer.  Their  work  is  the  development  and  execu- 
tion of  designs  already  made ;  or  the  adaptation, 
changing  and  combination  of  such  designs  to  fit  new 
conditions.  As  examples  may  be  cited,  the  erection 
of  steam  and  electric  plants,  and  the  alteration  of 
standard  forms  of  machinery  to  meet  special  require- 
ments, for  which  only  simple  details  need  be  changed. 
The  requisites  for  the  successful  conduct  of  such  work 
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are  a  knowledge  of  the  facts  and  details  of  practice ; 
of  methods  of  doing  work  and  their  comparative 
values ;  and  the  ability  to  devise  details  and  execute 
them.  Such  a  knowledge  of  the  first  principles  of 
mathematics  and  science  as  will  enable  a  man  to  un- 
derstand the  reasons  for  methods  and  details  of  prac- 
tice is  also  needed.  Anything  further  is  desirable, 
but  cannot  be  considered  as  indispensable.  At  the 
present  time,  this  grade  of  work  is  done  either  by 
men  who  have  had  only  the  training  of  the  shop 
which,  unless  supplemented  by  study,  must  be  narrow 
and  without  a  sufficient  scientific  basis ;  or  else  by 
men  who  have  had  a  full  engineering  college  course, 
a  training  more  extensive  and  costly  than  is  needed 
for  the  work  in  view. 

Of  the  requisites  mentioned,  the  knowledge  of  facts 
and  details  of  practice  must  come  largely  from  expe- 
rience. In  no  course  of  instruction,  of  reasonable 
length,  is  there  time  for  imparting  such  knowledge  as 
such ;  besides,  the  details  in  various  hues  of  work  are 
so  different  as  to  call  for  specialization  in  each  line. 
The  only  possible  hope  of  success  in  that  direction 
would  seem  to  lie  either  in  separate  trade-schools  for 
each  particular  industry,  or  in  apprenticeship  systems 
conducted  by  individual  corporations. 

For  a  technical  school,  the  proper  lines  of  effort  are 
the  teaching  of  methods  and  principles,  and  the  de- 
velopment of  abilit}^  to  think  and  execute.  Ade- 
quate training  for  such  work  as  has  been  mentioned 
can  be  best  furnished  by  short  courses  which  will  be 
available  for  a  gi-eater  number  than  are  the  regular 
engineering  courses  ;  both  because,  being  shorter,  they 
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will  be  less  expensive,  and  because  they  Avill  require 
less  preparation  for  admission. 

In  such  technical  training,  the  acquirement  of  prac- 
tical details  during  the  course  is  desirable;  but,  on 
account  of  the  limited  time,  this  must  be  combined 
with  the  thought  training.  It  ma}^  be  accomplished 
in  part  by  the  use,  in  the  teaching  of  science  and 
mathematics,  of  concrete  examples  and  illustrations, 
with  data  drawn,  as  far  as  possible,  from  the  daily  sur- 
roundings of  the  shop  and  drawing  room.  Instruction 
in  methods  of  work  and  their  adaptation  to  differing 
conditions  should  be  given  by  extensive  shop  and 
laboratory  practice  in  which  the  thought  element 
should  be  introduced  by  placing  the  student  on  his 
own  responsibility  as  rapidly  as  his  experience  will 
permit,  and  requiring  him  to  devise  methods  of  doing 
work  and  experiments.  To  drive  home  the  knowl- 
edge gained  and  to  teach  the  student  to  make  use  of 
what  he  learns,  the  work  should  be  so  planned  that 
the  performance  of  advance  exercises  necessitates  a 
knowledge  of  preceding  ones. 

Problems  assigned  in  the  laboratory  should  be,  as 
far  as  possible,  those  of  actual  occurrence  in  practice 
and  involving  the  demonstration  of  natural  laws.  For 
example,  the  variation  of  H.  P.  with  valve-travel  or 
load  may  be  worked  out  in  the  laboratory  in  connec- 
tion with  the  teaching  of  the  use  of  the  indicator  and 
planimeter.  Shop  exercises  should  involve  operations 
which  occur  in  construction,  and  the  pieces  made 
should  be,  in  so  far  as  practicable,  parts  of  machines. 
Vacation  Avork  should  be  laid  out  along  the  same 
lines.     It  should  be  designed  to  give  familiarity  with 
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practice,  to  require  thought  and  the  appHcation  of 
knowledge  already  gained. 

Bv  such  means  the  essentials  of  a  technical  educa- 
tion,  founded  on  a  common  school  preparation,  may 
be  imparted  in  a  period  not  exceeding  three  years, 
and.  in  many  cases,  the  time  may  be  reduced  to  two 
vears. 


A   CATALOGUE   AND   CLIPPING   CASE. 

BY  WM.  T.  MAGRUDER, 
Professor  of  Mechanical  Engineering,  Ohio  State  University,  Columbus,  Ohio. 

Much  of  the  success  of  the  professional  man  of  to-day, 
who  is  consulted  either  by  his  students  or  his  clients, 
depends  upon  his  ability  to  instantly  refer  to  cases, 
produce  evidence,  quote  facts,  and  illustrate  by  blue- 
prints and  photographs,  that  information  which  no  one 
expects  him  to  always  carry  in  his  head.  The  law- 
yers have  their  way  of  reporting  cases  reduced  to  a 
better  systerti  than  their  less  numerous  and  wealthy 
brethren  of  the  clerical,  medical  and  engineering  pro- 
fessions. In  the  law,  all  cases  coming  before  the  higher 
courts  are  reported  and  then  cross-referenced  by  sub- 
jects. The  case  with  the  engineer  is  totally  different, 
and  the  nearest  that  he  can  at  present  come  to  the 
practice  of  the  legal  profession  is  in  the  use  of  the 
"  Engineering  Index,"  which,  while  extremely  help- 
ful, is  but  an  abridgement,  and  raised  to  the  n**"  power. 

As  the  day  of  the  always  up-to-date  engineering 
encyclopedia  has  not  yet  arrived,  the  engineer  is  forced 
either  to  be  his  own  walking  encyclopedia,  or  else 
adopt  some  method  of  filing,  in  as  accessible  a  form  as 
possible,  the  vast  amount  of  information  which  is 
daily  presented  to  his  attention  in  the  daily  news- 
paper, the  trade  journal,  the  magazine,  the  trade  cata- 
logue and  the  transactions  of  the  numerous  professional 
and  semi-professional  societies. 

The  teaching  engineer  is  less  fortunate  than  his  col- 
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leasnie  who  is  consulted  onlv  bv  clients,  because  the 
former  has  to  try  to  keep  himself  posted  on  a  greater 
variety  of  subjects.  Such  men  especially,  therefore, 
need  a  method  of  filing  and  keeping  chppiugs,  cata- 
logues, patents,  lecture  notes,  references,  reports,  and 
data  of  all  kinds. 

An  efficient  method  for  doing  this  requires  that  it 
shall  demand  the  smallest  expenditure  of  time  for 
filing  and  remo\ing  the  articles :  that  the  articles 
shall  be  as  easily  and  as  quickly  accessible  to  the 
no\dce  as  to  the  constant  user :  that  the  contents  shall 
be  of  easy  removal,  separately  or  by  subjects,  for  use 
in  the  office,  the  lecture  or  drawing  room,  for  fihng 
under  new  titles,  or  for  relegation  to  the  waste-paper 
basket.  The  cabinet  or  case  should  provide  a  properly 
titled  place  for  every  subject  in  which  its  owner  is 
hkely  to  be  interested ;  convenient  in  size  to  fit  all 
standard  sizes  of  catalogues,  and  all  clippings  without 
excessive  folchng;  should  be  dust-proof,  and  should 
permit  of  unhmited  growth  with  the  least  expenditure 
of  time  and  money. 

Having  passed  through  all  the  stages  of  develop- 
ment from  the  cheap  scrap-book  system  to  the  envelope, 
box  and  drawer  system,  index  rei*um,  card  catalogue 
and  the  hke,  and  having  just  started  to  fill  Volume  II 
of  the  second  edition  of  his  catalogue  and  clipping 
case,  the  writer  is  desirous  of  explaining  to  the  mem- 
bers of  the  Society,  by  blue-print  and  photograph  (and 
by  the  thing  itself  to  those  who  may  desire  to  inspect 
it  in  his  office),  what  he  considers  to  be  the  most  com- 
plete, accessible  and  elastic  system  which  has  as  yet 
been  presented.     It  is  also  one  of  the  cheapest  in  first 


A   CATALOGUE  AND   CLIPPING   CASE. 


167 


cost,  so  far  as  is  known,  for  the  facilities  provided. 
Furthermore,  as  there  is  no  patent  or  copyright  con- 
nected with  it,  any  one  is  welcome  to  have  his  car- 
penter build  one  for  him  from  the  illustrations  here- 
with. 

As  a  piece  of  office  furniture,  it  resembles  a  book- 
case over  whose  shelves  a  Scotch  holland,  shade-cloth 
curtain  has  been  drawn.  This  gives  a  neat  appear- 
ance when  the  curtain  is  down,  and  makes  it  practi- 


SECTION   E-F 
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cally  dust  proof.  The  spring  curtain  roller,  li  inches 
in  diameter,  is  hung  in  sockets  above  the  top  shelf. 
The  lower  slat  is  guided  in  a  groove  at  its  ends,  and 
so  prevents  the  curtain  rolling  up  other  than  straight. 
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As  the  curtain  runs  between  the  outside  casing  and 
the  wooden  uprights,  it  makes  the  case  as  nearly  dust- 
proof  as  is  necessary.  If  security  and  absokite  clean- 
liness is  required,  the  method  of  the  roll-top  desk  may 
be  substituted.  The  writer  prefers  Scotch  holland  to 
opaque  goods,  because  it  is  less  Hable  to  be  creased  and 
broken.  He  also  prefers  not  to  trim  the  edges,  as  a 
selvaged  edge  wears  better.  Unless  the  edges  are  to 
be  trimmed,  the  goods  should  be  procured  first,  and 
the  case  designed  to  fit  the  goods,  as  the  goods  are 
sometimes  four  inches  wider  than  the  normal  width. 
On  rolling  up  the  curtain  by  a  touch  of  the  finger, 
it  will  be  seen  that  the  case  consists  of  i-inch  wooden 
uprights  with  saw-kerfs  cut  in  same,  s  inch  deep  and 
one  inch  apart.  By  inserting  bright  tin  shelves,  di- 
visions or  pigeon-holes  are  made,  one  inch  high,  or 
multiples  thereof.  If  greater  economy  of  vertical 
space  is  desired,  the  saw-kerfs  may  be  closer  together. 
The  saw-kerfs  should  be  made  by  a  thin  bladed  back- 
saw.  The  front  edge  of  the  tin  shelf  should  be  turned 
over  and  back  upon  itself  for  strength,  to  prevent  cut 
fingers  and  to  retain  itself  in  the  saw-kerf  Tin  is 
preferable  to  wood  because  it  is  much  cheaper,  takes 
up  less  room,  is  flexible  and  does  not  split  when  re- 
moved. The  distance  between  the  wooden  uprights  is 
immaterial,  because  when  the  space  is  so  great  (10 
inches  or  more)  that  the  tin  is  no  longer  sufficiently 
stiff",  galvanized  iron  can  be  used.  The  writer  finds 
that  from  a  sheet  of  20  x  28-inch  tin,  shelves  may  be 
most  economically  cut  to  fit  uprights  which  are  4i, 
61  or  9?  inches  apart.  The  first  width  is  used  for 
chppings,  notes  and  memoranda ;  the  second  for  cata- 


A   CATALOGUE   AND   CLIPPING    CASE.  169 

logues,  folded  blue-prints,  letters  and  transactions; 
and  the  third  for  blue-prints  and  larger  catalogues. 
Catalogues  wider  than  9  inches  must  go  by  themselves 
on  one  of  the  upper  wooden  shelves.  Fortunately  their 
number  is  small.  The  title  of  a  division  is  written  or 
printed  in  a  space  -{q  wide  by  two  inches,  bent  at  right 
angles  on  the  end  of  a  piece  of  paper  2x5  inches.  A 
title  slip  is  placed  on  the  top  of  each  tin  shelf  and 
under  its  own  clippings.  The  titles  are  arranged  al- 
phabetically. 

In  making  notes,  in  reading  trade  or  technical 
papers,  or  on  the  receipt  of  a  catalogue,  the  title  under 
which  it  is  proposed  that  it  shall  be  filed  should  be 
underlined  or  written  on  the  face  of  the  paper.  It 
should  be  divested  of  all  excess  of  margins  and  outside 
covers.  Clippings  should  be  folded  as  few  times  as 
possible,  depending  upon  the  depth  of  the  case ;  but 
should  always  be  folded  so  that  they  can  be  filed  with 
their  titles  uppermost,  and  so  as  to  be  seen  and  read 
as  soon  as  withdrawn. 

When  inserting  clippings,  etc.,  in  a  case  for  the  first 
time,  it  is  well  to  leave  at  least  one  division  vacant  in 
each  four  or  five  for  subsequent  gro^vth.  Then,  when 
more  room  is  needed,  the  tin  shelf  directly  over  the 
crowded  division  may  be  removed  and  a  two-story 
division  obtained.  The  writer  has  one  division  4J 
inches  high.  Or,  the  matter  may  be  reclassified  and 
so  subdivided.  Eight  years  ago  the  writer  built  a 
small  one  for  himself,  and  three  for  friends,  and  out- 
grew his  own ;  then,  three  years  ago,  he  built  one  with 
four  hundred  and  seventy-three  divisions,  each  li 
inches  high,  and  with  twelve  linear  feet  of  shelf-room, 
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at  a  cost  of  about  8  cents  a  division,  and  ha\T.ng  packed 
it  fall,  he  has  just  rearranged  his  collection  of  clip- 
ping, notes,  catalogues,  etc.,  in  the  old  one  and  in  a 
new  one  which  contains  seven  hundred  and  ninety- 
two  di\T.sions  one  inch  high,  and  twelve  linear  feet  of 
shelf  room,  and  which  cost  about  5  cents  a  division. 
It  is  impossible  to  express  the  comfort  obtainable 
from  such  a  piece  of  furniture,  and  from  the  feehng  of 
being  able  to  instantly  put  one's  hand  on  all  the  data 
he  has  on  a  given  subject  outside  of  bound  volumes; 
or,  what  is  still  better,  to  be  able  to  send  a  student  to 
it,  and  feel  confident  that  he  can  instantly  find  what 
he  is  sent  for.  The  wTiter  would  not  think  of  return- 
ing to  any  single  system  which  requires  paste-pot,  en- 
velopes or  drawers.  Time  and  space  are  too  precious, 
even  in  a  professor's  ofiice,  for  such  abuse.  For  small 
collections  of  notes  which  can  be  made  on  cards,  the 
card  catalogue  is  most  valuable ;  for  the  record  of  a 
certain  case  or  subject  on  which  one  is  working,  and 
which  he  wishes  to  refer  to  frequently,  drawers,  boxes 
and  envelopes  are  useful  in  their  place,  and  are  all 
used  by  the  writer;  but  for  caring  for  piles  of  cata- 
logues, or  copies  of  transactions.  6  x  9  in  size,  and  from 
1  to  7  inches  in  height;  or  for  a  collection  of  from 
one  to  one  hundred  chppings.  on  from  one  hundred 
to  one  thousand  subjects,  he  prefers  the  use  of  the 
above  described  catalogue  and  chpping  case  adapted 
to  the  particular  needs  of  its  owner,  and  trusts  that  it 
ma}'  be  found  helpful  by  other  members  of  the 
Society. 

Discussion. 

Professor  H.  E.  Smith  described  a  fihng  case  at 
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the  university  with  which  he  is  connected  which  con- 
sists of  shelves  on  which  are  placed  pasteboard  boxes, 
open  at  the  back  and  reinforced  in  front  by  a  piece 
of  tin,  numbered  consecutively.  The  case  contains 
also  a  few  drawers  for  cataloguing  cards  showing  the 
contents  of  the  boxes  by  an  appropriate  system  of 
numbering  and  cross-referencing.  The  advantage  of 
such  a  case  is  that  any  box  can  be  removed  at  any 
time  to  the  drawing-table  or  desk  for  purposes  of  ref- 
erence. The  boxes  are  practically  dust-proof,  as  the 
back  of  the  case  closes  the  boxes  when  in  position. 
Another  advantage  is  that  the  system  is  capable  of 
convenient  expansion  to  an  indefinite  extent.  The 
speaker  said  that  the  cost  of  these  boxes  was  about  13 
cents  each ;  that  they  were  made  in  three  sizes,  7  by 
10,  81  by  Hi,  and  10  by  13,  and  from  2  to  2 J  inches 
thick.  Each  catalogue  or  clipping  is  stamped  with 
the  words,  "  Please  return  to  case  No.  — ,"  the  num- 
ber being  supplied  by  means  of  another  stamp. 

Professor  Jacoby  considered  the  subject  of  the 
paper  a  very  important  one,  especially  to  teachers  of 
engineering.  He,  himself,  during  the  past  twenty-one 
years,  had  passed  through  all  the  stages  of  develop- 
ment in  the  filing  system  which  Professor  Magruder 
had  indicated.  The  question  of  the  relation  of  one 
subject  to  another  had  been  a  particularly  perplexing 
one.  In  the  speaker's  opinion,  the  arrangement  of  the 
material  should  accord  with  the  relationship  of  the 
subjects,  and  should  not  be  determined  alphabetically. 
After  trying  various  systems,  he  had  finally  adopted 
what  is  known  as  the  Dewey  classification,  which  had 
already  received  very  general  adoption  at  different  in- 
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stitutions  of  learning.  By  this  system,  all  subjects  re- 
lated to  one  another  can  be  readily  grouped  together, 
and  can  be  readily  found  under  certain  general  heads. 
On  the  other  hand,  by  the  alphabetical  system  it  is 
often  very  difficult  to  give  a  definite  working-title  to  a 
subject.  The  speaker  used  what  is  known  as  the  busi- 
ness man's  cabinet  file;  with  compartments  or  cases 
usually  3?  inches  thick  and  about  10  inches  wide  and 
12  inches  long.  He  also  used  what  is  known  as  the 
monthly  index,  having  the  numbers  1  to  31  on  the 
marginal  tags.  On  the  cover  of  the  index,  a  strip  of 
paper,  three  or  four  inches  wide,  is  pasted  by  the  cor- 
ners, and  on  this  are  written  the  topics  and  their  sub- 
divisions with  references  to  the  corresponding  numbers 
on  the  tags.  By  properly  indenting  the  lines,  the  re- 
lations of  the  different  subjects  are  shown.  This  list  of 
topics  may  be  rewritten  when  experience  requires  it. 

References  to  bound  periodicals  or  books  are  made 
on  thin  slips,  three  by  five  inches,  the  subject,  author, 
and  reference  being  placed  in  separate  lines.  These 
slips  cost  onl}^  twenty  cents  for  500,  being  much  less 
expensive  than  those  required  for  a  card  catalogue. 
Many  years  ago  the  speaker  learned  how  to  make  a 
ver^T-  condensed  reference  to  any  small  but  important 
article  which  is  found  on  the  same  page  with  many 
others,  and  which  may  not  even  be  furnished  with  a 
title.  Thus,  Eng.  News,  29/433^'  indicates  a  reference 
to  a  paragraph  in  Engineering  News,  volume  XXIX., 
page  433,  first  column  and  seven-tenths  of  the  way 
down  the  column.  Special  attention  was  called  to  this 
expedient  as  it  had  proved  to  be  a  most  valuable  time- 
saver. 
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Professor  Sanborn  said  he  had  been  working  upon 
this  matter  of  preserving  cUppings  for  some  time.  The 
objection  to  the  fihng-case  of  Professor  Magruder, 
which  appealed  to  him  quite  strongly,  was  the  size  of 
the  case  and  the  trouble  of  removing  it  when  it  became 
necessary.  It  appeared  to  him  that  a  system  of  units, 
such  as  is  used  in  book-cases  made  by  the  Wernicke 
Company,  could  be  adopted  to  advantage.  He  sug- 
gested that  because  he  had  seen  Professor  Magruder's 
case,  and  it  is  really  quite  a  monster. 

Professor  Allen  said  that  nearly  everybody  was 
familiar  with  the  card  catalogue,  and  many  people 
thought  it  indispensable  in  matters  of  this  kind.  He 
believed,  however,  that  the  card  catalogue  does  not, 
in  all  cases,  provide  the  most  convenient  index,  for 
it  requires  an  appreciable  interval  of  time  to  pass  from 
one  card  to  another,  and  a  great  deal  of  time  is  often 
necessary  to  run  through  a  number  of  cards  on  a 
given  subject.  A  sheet  of  paper,  about  6  by  8  inches, 
with  a  half-dozen  different  titles,  offers  some  advan- 
tage over  that  number  of  cards,  especially  in  rapidity 
of  use.  Such  sheets  can  be  bound  together  in  a 
fashion  which  will  allow  a  sheet  to  be  detached,  and 
one  or  more  new  sheets  inserted  in  its  place.  Even 
taking  into  account  time  spent  in  occasionally  renew- 
in  eets,  this  system  will  in  many  cases  secure 
greater  economy  of  time  than  the  card  catalogue, 
although  the  latter  is  in  many  cases  practically  in- 
dispensable. 

Professor  Magruder  Avished  to  ask  Professor  Jacoby 
what  he  would  do  in  case  he  wanted  to  file  a  certain 
clipping  on  some  new  and  important  sub-division  of 
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a  subject,  and  his  case  was  already  filled,  according  to 
the  scheme  drawn  up  before  this  new  sub-division 
existed. 

Professoe  Jacoby  said  that  some  di^-isions  would  of 
course  be  filled  more  rapidly  than  others,  but  that  it 
is  a  very  easy  matter  to  eHminate  one  topic  if  de- 
sired, or  to  insert  another,  although  this  involves 
necessarily  some  rearrangement.  That  is  the  more 
easily  accomplished  because  in  a  number  of  cases  the 
spaces  would  be  found  entirely  vacant.  The  aim 
should  be  to  rearrange  the  material  as  it  accumulated 
to  best  satisfy  the  space  requirements.  The  speaker 
had  used  that  method  of  fifinsr  for  eleven  vears  with 
very  Httle  change  and  had  found  it  extremely  satis- 
factorv.  At  Cornell  Univemtv.  thev  were  encourasjinsr 
their  students  to  file  away  material  which  might  in 
after-years  prove  valuable.  The  speaker  valued  the 
material  which  he  had  preserved  in  that  manner,  more 
highly  than  that  part  of  his  library  which  consists  of 
bound  volumes,  for  the  reason  that  it  could  not  be 
replaced  in  case  of  loss  by  fire. 

Professor  Magruder  said  that  the  particular  merits 
which  he  claims  for  his  filing-case  are  the  ease  with 
which  the  indexes  can  be  consulted  and  the  facility 
Avith  which  any  subject  can  be  found.  These  features 
are  especially  important  when  a  student  iss  ;to  con- 
sult the  files  unaided.  Another  advantage  is  that 
Httle  or  no  room  is  wasted  in  the  case.  The  spaces 
are  of  three  diflerent  widths ;  hence  there  is  no  need 
of  using  a  big  box  for  small  papers. 

The  speaker  acknowledged  the  validity  of  the  ob- 
jection that  the  case  was  large;  but  stated  that  his  col- 
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lection  of  catalogues  and  clippings  could  no  longer  be 
filed  in  one  small  case,  and  that,  therefore,  he  had 
had  a  second  case  built.  The  cases  had  been  designed 
so  as  to  go  through  the  ordinary  doors  of  public  build- 
ings, and  they  can  be  crated  and  easily  transported  by 
freight.  The  cases  are  in  no  sense  '* monsters."  If 
smaller  units  are  desired,  the  same  principles  can  be 
applied,  and  a  knock-down  case  can  be  built,  any  sec- 
tion of  which  can  be  carried  by  one  man;  but  the 
cost  will,  of  course,  be  greater.  In  this  form  it  will 
commend  itself  to  railroad  officials  and  to  travelers. 

President  Mendenhall  wished  to  say  a  word  with 
reference  to  the  system  of  labeling  which  seemed  to 
him  the  most  objectionable  part  of  the  scheme.  Dur- 
ing the  last  three  or  four  years  he  had  had  occasion 
to  temporarily  arrange  several  thousand  pamphlets 
somewhat  on  the  plan  described,  and  that  had  been  a 
great  source  of  annoyance,  because  when  he  wanted  a 
pamphlet,  he  invariably  found  it  at  the  bottom  of  the 
pile,  and  its  removal  displaced  the  label.  He  said 
that  it  seemed  to  him  that  that  is  a  serious  objection 
to  the  system  advocated  by  Professor  Magruder. 

Professor  Magruder  remarked  that  the  President's 
experience  had  been  the  reverse  of  his  own. 

President  Mendenhall  said  that  there  was  one 
other  point,  not  bearing  directly,  however,  upon  the 
subject  of  filing-cases,  concerning  which  he  thought  he 
would  find  a  bond  of  sympathy  with  his  hearers,  namely, 
the  frequent  absence  of  titles  on  the  backs  of  college 
catalogues  and  other  pamphlets.  To  his  great  annoy- 
ance he  often  found  himself  compelled  to  go  to  the 
trouble  of  supplying  such  omissions  for  facilitating 
reference  afterwards. 


DRAWING,  SHOP   WORK   AND  ENGINEERING 
LABORATORY  PRACTICE  IN  ENGI- 
NEERING COLLEGES. 

BY   HARRY   E.   SMITH, 

Assistant  Professor  of   Mechanical  Engineering,   University  of  ilinnesota, 
Minneapolis,  Minn. 

The  amount  of  time  devoted  to  the  subjects  of 
drawing,  shop  work  and  laboratory  practice  in  the 
engineering  courses  of  some  of  the  prominent  tech- 
nical colleges  of  this  country,  varies  to  a  marked 
degree.  In  making  a  comparative  table,  for  use  at 
the  Univei'sity  of  Minnesota,  the  writer  was  impressed 
by  this  disparity  of  time  allowed  the  above  subjects, 
and  the  results  were  so  striking,  when  arranged  in  a 
gi-aphical  form,  that  they  were  believed  to  be  of  suf- 
ficient interest  for  presentation  to  the  Society. 

The  subject  has  already  received  a  somewhat  ex- 
tended consideration,  notably  in  the  articles  published 
in  the  Engineering  Xeivs  of  the  yeai-s  1892  and  1893? 
and  also  by  Dr.  Thurston,  in  his  paper  on  Technical 
Education  in  the  United  States,  which  was  read  before 
the  American  Society  of  Mechanical  Engineers,  at  the 
Chicago  ^Meeting  in  1893.  If  any  apology  is  needed 
for  the  appearance  of  this  paper,  it  is  to  be  found  in 
the  general  experience  that  the  information  given  in 
the  above  papers  is  of  too  general  a  character  for 
satisfactory  comparative  purposes. 

The  material  used  in  making  the  charts  herewith 
presented,  Avas  obtained  from  the  latest  catalogue  of 
each  institution,  and  has  been  recently  submitted  to 
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the  departments  concerned  in  each  technical  college, 
and  the  figures  were  approved  or  modified,  except 
in  a  few  cases  in  which  no  replies  were  received. 

In  the  construction  of  Charts  I.  and  II.,  the  horizon- 
tal distances  represent  weeks  per  term  and  the  vertical 
distances,  hours  per  week  given  to  each  subject.  In 
order  to  make  the  charts  more  easy  of  interpretation, 
figures  have  been  placed  at  the  base  of  each  rectangle, 
showing  the  length,  in  weeks,  of  the  working  term 
or  semester ;  and  also  figures  at  the  left-hand  end  of 
each  rectangle,  showing  the  number  of  hours  per 
week  given  to  the  subject.  The  length  of  term  given 
is  not  intended  to  include  time  taken  up  by  term  ex- 
aminations, nor  the  work  in  connection  with  the 
preparation  of  the  final  thesis. 

No  attempt  has  been  made  to  specify  the  exact 
branch  of  the  study  connected  with  the  work,  further 
than  the  three  general  J  classifications :  drawing,  shop 
work  and  laboratory  practice,  which  are  distin- 
guished by  a  system  of  cross-hatching  on  the  charts. 
Where  one  of  these  divisions  of  the  work  is  taken  up 
in  connection  with  two  or  more  studies,  separate  di- 
vision of  the  space  is  made  by  lines.  To  illustrate :  in 
the  Sophomore  year  of  the  mechanical  engineering 
course  at  Cornell  University,  there  are  6  hours  per  week 
given  to  mechanical  drawing  and  2  hours  per  week 
devoted  to  drawing  in  connection  with  the  study  of 
descriptive  geometry.  It  has  been  the  endeavor  to 
include  all  drawing-room  work  of  each  course  without 
regard  to  the  subject  with  which  it  is  connected. 

In  the  case  of  laboratory  practice,  only  the  work 
given  in  the  mechanical  or  electrical  laboratories  has 

(12 
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been  shown ;  the  elementaiy  physical  or  chemical 
laboratory  work  having  been  omitted  in  each  case. 
This  division  of  work  between  the  ph3'sical  and  electri- 
cal laboratories  is  not  well  defined  in  some  of  the  col- 
leges, and  in  these  cases  the  w^riter  has  been  guided 
by  the  synopsis  of  the  work  as  given  in  the  catalogues 
of  such  institutions. 

The  work  of  each  year  of  the  courses  has  been 
grouped  together,  a  slightly  wider  space  denoting  the 
division  of  these  groups.  Where  summer  or  vacation 
work  is  made  a  part  of  the  course,  it  has  been  indicated 
by  the  more  extended  vertical  rectangles  which  are 
placed  in  the  sjDaces  dividing  the  years  of  the  courses. 

The  following  tables  have  been  compiled  from  the 
charts,  and  give  the  total  number  of  hours  devoted  to 
each  subject,  in  each  of  the  four  ^^ears  of  the  courses. 
Where  summer  work  is  demanded,  it  has  been  in- 
cluded in  the  previous  j^ear's  work. 

These  figures  have  also  been  represented  graphically 
in  the  accompanying  Charts  III.  and  IV.,  which  show 
the  total  relative  amounts  of  time  given  to  each  di- 
vision of  the  work  in  the  several  institutions. 

It  will  be  noted  that,  in  the  mechanical  engineer- 
ing course  at  Cornell  University,  -^^dth  the  exception 
of  an  elective  of  from  five  to  eight  credits,  the  third 
term  Senior  year  is  wholly  given  up' to  the  preparation 
of  the  thesis  and,  in  the  electrical  engineering  com'se, 
the  time  of  this  term  is  largely  so  spent. 

The  first  two  terms,  only,  of  the  courses  at  Columbia 
University  are  shown,  as  it  was  impossible  to  deter- 
mine with  sufficient  accuracy  the  division  of  time 
between  the  several  subjects.     The  time  devoted  to  the 
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laboratory  Avork  in  the  electrical  engineering  course 
of  this  college  in  the  third  and  fourth  years  is  not 
prescribed,  but  a  definite  number  of  experiments  are 
required  to  be  worked  and  reported  upon.  The 
average  student,  it  is  reported,  spends  about  12  hours 
per  week  in  the  laboratory  on  this  work. 

The  shop  work  in  the  mechanical  engineering 
course  at  Lehigh  University,  is  entirely  replaced  by 
summer  visits  of  inspection,  and  the  time  so  spent  has 
been  shown  by  unshaded  sections  in  the  charts. 

Owing  to  the  proverbial  indefinitness  of  the  modem 
college  catalogue,  it  has  been  exceedingly  difficult  to 
gather  the  data  presented.  This  difticulty  in  tabulat- 
ing the  courses  of  many  of  the  leading  universities, 
as  Stevens  Institute,  Ohio  State  University,  and  othei's, 
has  made  it  necessary  to  omit  them  in  this  paper  ; 
but  it  is  believed  that  the  figures  in  the  cases  under 
consideration  are  very  close  to  the  actual  conditions. 

The  facts  presented  show  some  surprising  difierences 
and.  if  their  discussion  results  in  a  better  undei'stand- 
ing  of  the  subject,  the  object  of  the  writer  will  have 
been  attained. 
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CHARLES  BENJAMIN   BRUSH, 

Died  June  3,  1897.* 

Mr.  Brush  was  born  in  New  York  City  on  February  15,  1848, 
graduated  as  Civil  Engineer  from  New  York  University  in  1867, 
became  Adjunct  Professor  of  Civil  Engineering  in  New  York  Uni- 
versity in  1874,  Professor  in  1888,  later  becoming  Dean  of  the 
School  of  Civil  Engineering,  and  receiving  the  degree  of  Doctor  of 
Science  in  1892.  He  was  elected  a  member  of  the  American  Society 
of  Civil  Engineers  in  1877,  a  Director  in  1888,  and  Vice-President  in 
1892.  He  was  also  a  member  of  the  Engineers'  Club,  the  American 
Water  Works  Association  and  the  Society  for  the  Promotion  of 
Engineering  Education. 

He  was  Chief  Engineer  of  the  Hoboken  Land  and  Improvement 
Company,  the  North  Hudson  County  Railway  Company,  the 
Hoboken  Ferry  Company,  the  Hackensack  Water  Company,  the 
Queens  County  Water  Company  and  the  Portsmouth  and  Suffolk 
Water  Company.  He  acted  in  expert  capacity  in  connection  with 
the  bridges  at  Second  and  Third  Avenue,  New  York  City  and  over 
the  Thames  at  New  London  ;  also  for  Chicago  and  Kansas  City  in 
connection  with  problems  of  water  supply,  and  for  the  State  of  New 
York  in  connection  with  the  ceiling  of  the  Capital  at  Albany.  He 
was  at  one  time  engineer  for  the  Hudson  River  Tunnel  Company, 
also  engineer  for  the  contractor  during  the  construction  of  the  famous 
Washington  Bridge  over  the  Harlem,  and  constructed  systems  of 
sewers  in  North  Hudson  County,  New  Jersey,  Irvington,  New  York 
and  many  other  places.  He  labored  for  twenty  years  to  arouse 
public  interest  in  the  building  of  a  boulevard  along  the  Palisades, 
and  was  in  other  ways  particularly  interested  in  the  development  of 
that  section  of  New  Jersey  lying  opposite  New  York  City, 

Mr.  Brush  was  a  man  of  sterling  integrity,  tireless  energy, 
charitable,  broad-minded  and  of  exceptional  business  ability.  He 
was  married  in  1883,  and  a  widow  and  three  children  survive 
him. 

*  Memoir  prepared  by  Professor  C.  S.  Snow. 
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ECKLEY  BRINTON   COXE, 

Died   May  13,  1895.* 

Eckley  Brinton  Coxe  was  born  iu  Philadelphia,  June  4,  1S39,  and 
died  at  Drifton,  Pa.,  May  13,  1895.  In  these  fifty-six  years  there 
was  compressed  a  life  of  productive  acti^ity  of  remarkable  energy 
and  divei-sity.  In  the  brief  space  alotted  to  this  memoir,  it  is  impossi- 
ble to  do  more  than  briefly  mention  his  work  in  promoting  engineer- 
ing education  in  this  country,  j 

No  one  was  better  qualified  than  3Ir.  Coxe  to  advise  on  the 
subject  of  technical  education,  since  he  was  thoroughly  familiar  with 
both  its  scholastic  and  its  practical  side.  After  graduation  at  the 
University  of  Pennsylvania  in  1858,  he  spent  four  years  at  the  min- 
ing schools  of  Paris  and  of  Freiberg  in  Saxony,  and  subsequently 
assumed  charge  of  the  development  of  the  large  coal  property  in 
Luzerne  Co..  Pa.,  which  had  been  a  family  possession  for  generations. 
He  established  at  Drifton,  Pa.,  in  May,  1879,  '-An  Industrial  School 
for  Miners  and  Mechanics " '  and  selected  as  its  first  principal  Mr. 
Oswald  J.  Heinrich.  On  the  latter"s  death,  in  1886,  this  school  was 
succeeded  by  ' '  The  Mining  and  Mechanical  Institute  of  the  Anthra- 
cite Coal  Region  of  Pennsylvania. ""  located  at  Freeland,  Pa.  ;  and, 
with  his  characteristic  insight  into  character,  Mr.  Coxe  selected  Mr. 
John  R.  Wagner,  one  of  his  trusted  assistants,  to  organize  this  en- 
larged educational  enterprise.  The  successful  development  of  the 
new  school  Mr.  Coxe  gladly  ascribed  to  Mr.  Wagner's  intelligent 
management.  Mr.  Coxe  was  for  many  years  a  trustee  of  Lehigh 
L'uiversity  and  contributed  liberallj"  to  its  support. 

In  his  numerous  occasional  addresses  on  technical  education  we 
have  an  enduring  record  not  only  of  his  great  interest  in  this  branch 
of  education,  but  also  of  his  keen  perception  of  the  ^ital  principles 
which  underlie  successful  training  in  engineering.  These  addresses 
abound  with  the  brilliant,  incisive,  practical  and  honest  statements 
so  characteristic  of  the  man. 

To  Mr.  Coxe's  large  circle  of  fi-iends  his  strong  and  winning  per- 
sonality remains  a  treasured  memory  equally  with  his  contributions 
to  science  and  his  useful  services  to  his  fellow  man. 

*  Memoir  prepared  by  Dr.  T.  M.  Drown. 

t  For  a  fall  account  of  his  life  the  reader  is  referred  to  a  Biographical 
Notice  by  Dr.  R.  "W.  Eaymond,  in  the  Transactions  of  the  American  Institute 
of  Mining  Engineers,  Vol.  XXV. 
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FRANCIS   RENATUS   FAVA,  JR., 

Died  March  28,  1896.* 

Barou  Francis  Renatus  Fava,  Jr.,  was  born  in  Trieste,  Austro- 
Hungary,  in  1860,  and  after  being  educated  by  private  tutors  he  en- 
tered the  Federal  Polytechnic  School  at  Zurich,  Switzerland,  where 
he  studied  engineering  and  graduated  in  1882.  He  had  already 
shown  such  marked  aptitude  as  an  engineer  that  he  immediately 
found  employment  with  one  of  the  great  iron  firms  of  France,  and 
was  entrusted  with  the  building  of  the  iron  railroad  bridge  crossing 
the  Loire  at  Saumur.  Shortly  after  the  completion  of  this,  he  went 
to  Hungary,  where  he  was  extensively  engaged  in  building  railroads 
and  bridges,  and  he  made  such  rapid  progress  in  his  profession  that 
when  but  twenty-five  years  of  age  he  was  charged  with  the  direc- 
tion of  over  300  men. 

In  the  meantime  his  father  had  been  commissioned  as  Envoy 
Extraordinary  and  Minister  Plenipotentiary  from  the  Kingdom  of 
Italy  to  the  United  States  Government  at  Washington  and,  being 
their  only  child,  Professor  Fava  joined  his  parents  in  Washington  in 
1886  and  remained  their  until  the  time  of  his  death,  which  occurred 
in  1896.  Soon  after  taking  up  his  residence  in  Washington,  Pro- 
fessor Fava  engaged  in  architectural  work  and  was  actively  con- 
nected with  the  building  up  of  several  of  the  Southern  towns  which 
at  that  period  were  springing  up  with  abnormal  activity. 

In  1889  he  was  appointed  Professor  of  Civil  Engineering  in  the 
Corcoran  Scientific  School  of  the  Columbian  University  at  Washing- 
ton, D.  C,  to  succeed  Professor  Robert  S.  Woodward,  who  had  just 
been  appointed  to  the  Professorship  of  Mechanics  in  Columbia  Uni- 
versity, New  York.  Professor  Fava  brought  to  these  new  duties  a 
wide  and  varied  experience  and  much  learning.  He  was  not  only  a 
superior  mathematician,  a  skillful  draftsman,  a  clever  designer, 
and  an  accomplished  engineer  and  architect ;  but  speaking  seven 
different  languages  with  facility,  he  was  a  linguist  of  no  mean 
merit.  He  thoroughly  enjoyed  the  work  of  teaching,  and  was  very 
happy  in  his  methods  of  presenting  the  topics  he  taught.  He  was 
unsparing  in  his  labors  for  the  University,  and  he  expected  as  stren- 
uous exertions  from  his  pupils.  He  had  the  gratification  of  seeing 
the  department  under  his  charge  grow  steadily  in  the  number  of  its 
pupils  and  in  its  importance  in  the  University,  and  in  finding  that 
all  of  those  who  won  the  Civil  Engineer  degree  at  once  secured  posi- 
tions of  responsibility  in  their  profession. 

*  Memoir  prepared  by  Prof.  C.  E.  Munroe. 
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JUSTUS   MITCHELL  SILLIMAN, 

Died  April  15.  1896.* 

Justus  Mitchell  Silliman  was  born  at  New  Canaan,  Connecticut, 
January  25,  1842,  of  a  family  conspicuous  for  many  years  in  Xew 
England.  His  father,  grandfather  and  great-grandfather  were 
graduates  of  Yale.  He  received  his  early  education  in  the  common 
schools  of  Xew  Canaan  and  in  the  New  Canaan  Academy,  after 
which  he  was  retained  for  several  years  as  an  instructor  in  the  latter 
institution. 

At  the  outbreak  of  the  civil  war  he  enlisted  in  the  17th  Connecti- 
cut Volunteer  Infantry  and  served  for  three  years,  during  which 
time  he  took  part  in  the  battle  of  Chancellors%'ille  and  Gettysburg, 
and  was  wounded,  captured  and  recaptured  at  Gettysburg.  Soon 
after  the  battle  of  Gettysburg,  his  company  was  ordered  to  Charles- 
ton, where  he  took  part  in  the  siege  of  that  city.  From  Charleston 
he  went  to  Florida,  where  he  remained  in  service  sixteen  months. 

He  entered  the  Sophomore  class  of  the  Rensselaer  Polytechnic 
Institute  in  September,  1867.  During  his  college  course,  and  for 
two  years  previous  to  his  entrance  to  the  Institute,  he  was  an  in- 
structor in  the  Troy  Academy. 

Professor  Silliman  took  charge  of  the  Department  of  Mining 
Engineering  at  Lafayette  College,  September,  1870,  and  continued 
in  that  position  until  his  demise,  April  15,  1896.  He  was  a  Fellow 
of  the  American  Association  for  the  Advancement  of  Science  from 
1870,  a  member  of  the  American  Institute  of  Mining  Engineers  from 
its  inception  and  a  member  of  the  Society  for  the  Promotion  of 
Engineering  Education  since  1894. 

Among  articles  from  his  pen  are  papei-s  on  the  examination  of  the 
Bessemer  flame  with  colored  glasses  and  with  the  spectroscope  :  on 
'•'Instruments  for  Orthographic,  Clinographic  and  Crystal  Projec- 
tions," and  on  "A  Water  Manometer  and  Anemometer."*  He  was 
the  author  of  "Problems  in  Orthographic  Projections."  and  was 
about  to  publish  a  work  on  Descriptive  Geometry-. 

Though  of  a  quiet  and  unassuming  disposition,  Professor  Silliman 
took  great  interest  in  all  educational  matters  and  in  the  students 
under  his  care.  As  an  earnest  instructor,  he  spared  no  pains  to 
make  all  subjects  taught  by  him  interesting  and  profitable,  as  well  as 
practical.  In  the  class-room  he  had  the  essential  characteristics  of  a 
thorough  teacher  and  an  excellent  disciplinarian. 

*  Memoir  prepared  by  Professor  J.  M.  Porter. 
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JAMES   HUGH   STANWOOD, 

Died  May  24,  1896.* 

James  Hugh  Stanwood,  who  became  a  member  of  this  Society  in 
1894,  was  born  in  Brunswick,  Maine,  July  17,  1860,  and  died  May 
24,  1896,  at  his  home  in  Boston.  Having  received  his  early  educa- 
tion in  the  public  schools  of  Portland,  at  the  age  of  nineteen  he 
entered  the  office  of  Edward  C.  Jordan,  civil  engineer,  in  that  city, 
and  for  between  one  and  two  years  was  engaged  in  general  land  sur- 
veying. Afterward  he  served  as  assistant  in  the  office  of  the  City 
Engineer  of  Portland,  and  in  1881  became  an  instrument  man  with 
the  Maine  Central  Railroad  Company. 

When  twenty-three  years  old  he  entered  the  Massachusetts  Insti- 
tute of  Technologjr  as  a  student,  graduating  four  years  later  from  the 
Department  of  Civil  Engineering.  During  this  period  he  continued 
his  engineering  work  with  the  Maine  Central  railroad  through  the 
summer  vacations. 

Upon  graduating,  in  1887,  Mr.  Stanwood  went  to  the  Philadelphia 
Bridge  Works  as  assistant  to  the  designing  engineer,  but  a  year  or 
so  later  returned  to  the  Institute  to  become  Assistant  in  Civil  Engi- 
neering. After  two  years  he  was  promoted  to  the  position  of  In- 
structor and  continued  in  active  service  in  that  capacity,  having 
charge  of  the  drawing-room  work  in  bridge  design,  until  within  a 
few  months  of  his  death.  He  was  forced  to  give  way  before  the 
attacks  of  Bright's  disease,  and  died  in  his  thirty-sixth  year,  leaving 
a  wife  and  three  children. 

He  displayed  enthusiastic  interest  in  the  profession  of  civil  engi- 
neering, as  well  as  in  his  work  as  a  teacher.  He  found  time  to 
make  a  careful  study  of  the  subject  of  rusting  of  iron  and  steel  in 
exposed  structures,  collecting  many  interesting  specimens  to  illus- 
trate the  matter,  and  in  1895  participated  in  the  discussion  of  Mr. 
J.  E.  Greiner's  paper  on  the  Life  of  Railroad  Bridges,  presented 
before  the  American  Society  of  Civil  Engineers.  Simple  formulas, 
which  have  been  well  received,  were  also  devised  by  him  to  accord 
with  the  experiments  upon  the  strength  of  wooden  posts,  and  were 
published  in  the  Railroad  Gazette  in  1892  and  1894. 

In  intercourse  with  students,  as  with  all  others,  Mr.  Stanwood 
was  cheerful,  courteous  and  helpful,  winning  the  lasting  regard  of 
those  who  met  him,  and  impressing  all  as  a  man  of  sterling  charac- 
ter, conscientious  in  the  performance  of  every  duty. 

*  Memoir  prepared  by  ProfeBSors  Dwight  Porter  and  A.  E.  Barton. 
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ALPHONSE   N.  VAN   DAELL, 

Died  March  28,  1899.* 

Alphonse  X.  Yau  Daell,  Professor  of  Modern  Languages  at  the 
Massachusetts  Institute  of  Technology,  -whose  death  was  recently 
announced,  was  a  native  of  Belgium,  and  was  educated  at  the  Col- 
lege of  Saint  Servais  in  Liege,  from  which  he  graduated  in  1864. 
He  subsequently  pursued  his  studies  at  Louvain,  and  afterward  at 
the  L'niversity  of  Liege,  where  in  1S6S  he  took  the  degree  of  Doc- 
teur  en  Droit.  After  this,  he  studied  for  several  years  in  Paris, 
Bonn  and  Berlin. 

He  came  to  America  in  1S73.  and  taught  in  private  schools  until 
1S76,  when  he  was  called  to  the  chair  of  modern  languages  in  Ken- 
tucky College.  There  he  remained  for  several  years,  removing  in 
1879  to  Philadelphia,  where  he  again  taught  for  some  years  in  pri- 
vate schools.  In  1885,  he  became  Instructor  in  Haverford  College 
and  Lectui-er  in  the  University  of  Pennsylvania,  but  resigned  both 
these  positions  in  1886  to  accept  the  olfice  of  Director  of  Modern 
Languages  in  the  Boston  High  and  Latin  Schools.  In  1889,  he  be- 
came Professor  of  Modern  Languages  at  the  Massachusetts  Institute 
of  Technology-,  which  position  he  held  until  his  death.  He  had 
been  in  ill  health  for  about  a  year,  and.  his  condition  becoming 
worse,  his  physician  advised  him  to  seek  the  treatment  at  Wiesbaden, 
Germany.  In  March  last  he  sailed  for  Europe,  and  had  just  reached 
his  destination  when  he  succumbed  to  the  disease  from  which  he  had 
been  suffering.     He  leaves  a  widow,  a  daughter  and  two  sons. 

Professor  Van  Daell  was  widely  kno^Ti  for  his  writings  and  for 
the  many  text-books  which  he  edited.  He  was  a  most  agreeable 
and  instructive  lecturer,  and  each  year  supplemented  his  work  at 
the  Institute  by  giving  courses  of  lectures  in  French  on  literary 
subjects.  He  was  a  man  of  great  learning,  and  had  accumulated  a 
fine  collection  of  valuable  editions  of  literary  works  in  foreign  lan- 
guages. Personally,  Professor  Van  Daell  endeared  himself  to  all 
his  friends  and  to  his  students  by  his  sincerity,  his  sympathy  and 
his  modesty.  He  took  a  great  interest  in  the  work  of  education, 
and  kept  in  close  touch  with  the  preparatory  schools,  whose  needs 
and  whose  relations  with  the  higher  schools  he  thoroughly  under- 
stood from  his  own  experience.  He  was  deeply  attached  to  the 
Institute,  and  did  much  to  increase  the  influence  of  his  own  Depart- 
ment in  its  affairs.  His  death  is  a  great  loss  to  the  Institute,  and 
especially  to  those  who  knew  him  well. 

*  Memoir  prepared  by  Professors  G.  F.  Swain  and  C.  F.  Allen. 
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JOHN   ROBERT  WAGNER, 

Died  January  21,  1899.* 

John  Eobert  Wagner  was  born  in  South  Betlilehem,  Pa.,  May  12, 
1861.  His  parents  were  poor,  and  at  the  age  of  nine  years  he 
became  the  sole  support  of  his  widowed  mother.  For  several  years 
he  earned  their  joint  livelihood  as  a  newsboy  and  bootblack,  with  a 
strong  longing  for  bettering  his  station  in  life.  He  then  entered  the 
machinist  trade,  rising  in  seven  years  from  the  grade  of  apprentice 
to  that  of  foreman.  During  that  j)eriod  he  used  every  means  of  self- 
improvement  by  home-study,  and  attendance  upon  night-schools. 

He  entered  Lehigh  University  at  the  age  of  twenty.  Upon  gradu- 
ation as  mechanical  engineer  in  1885,  he  was  placed  in  charge  of  the 
extensive  scieiitific  library  of  the  late  Eckley  B.  Coxe,  at  Drifton, 
Pa.  In  time  he  became  Mr.  Coxe's  general  scientific  assistant, 
giving  special  attention  to  the  analysis  of  coal.  Besides  expei't  work 
in  that  field,  he  conducted  extensive  investigations  on  the  economy 
of  fuel  for  steam  boilers,  contributing  several  ai-ticles  on  that  and 
kindred  subjects  to  engineering  journals. 

In  1896  he  was  appointed  Superintendent  of  Motive  Power  on  the 
Delaware,  Susquehanna,  and  Schuylkill  Railroad,  and  in  1897  he 
also  became  Superintendent  of  Motive  Power  and  Machinery  of  the 
Cross  Creek  Coal  Company  and  the  Coxe  Iron  Manufacturing  Com- 
pany. 

His  many-sided  interest  in  technical  matters  is  well  shown  by  his 
membership,  at  the  time  of  his  death,  in  the  American  Society  of 
Mechanical  Engineers,  the  American  Institute  of  Mining  Engineers, 
the  American  Chemical  Society,  the  Society  for  the  Promotion  of 
Engineering  Education,  and  several  other  organizations. 

He  was  an  active  worker  in  philanthropic  and  educational  lines, 
seeking  to  help  others  attain  advantages  that  had  come  to  him  only 
through  the  greatest  sacrifices.  In  1886,  under  the  patronage  of  the 
late  Eckley  B.  Coxe,  he  organized  at  Freeland,  Pa.,  "The  Mining 
and  Mechanical  Institute  of  the  Anthracite  Coal  Region  of  Pennsyl- 
vania," for  the  education  of  working  boys  of  small  means.  It  was 
his  ambition  to  eventually  carry  on  such  work  on  a  much  broader 
scale. 

He  was  a  man  of  marked  ability,  strong  character,  high  ideals, 
and  one  who  evinced  a  profound  sense  of  the  responsibilities  of  life. 

*  Memoir  prepared  by  the  Secretary,  from  information  famished  by  the 
family. 
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FRANCIS  AMASA  WALKER, 

Died  January  5,  1897.*» 

Francis  Amasa  Walker  died  suddenly  in  Boston.  January  5.  1S97, 
in  his  fifty-seventh  year.  His  life  was  one  of  remarkably  varied 
activity.  His  graduation  at  Atnherst  was  almost  immediately  fol- 
lowed by  distinguished  ser\-ice  in  the  Ci\-il  War.  At  twenty-four  he 
was  honorably  discharged  as  brigadier-general,  fully  equipped  as  a 
leader  of  men. 

He  was  .Superintendent  of  the  Xinth  and  Tenth  Censuses  from 
1870  to  18S1,  Professor  of  Political  Economy  and  History  in  the 
SheflBeld  Scientific  School  from  1S73  to  1S81.  President  of  the  Massa- 
chusetts Institute  of  Technology  from  1881  until  his  death.  These 
are  merely  the  chief  of  a  long  list  of  public  services.  With  all  these 
administrative  duties,  he  was  a  careful  student  and  a  prolific  writer 
on  economics. 

President  Walker  found  the  Institute  of  Technology  just  beginning 
to  recover  from  a  period  of  financial  distress,  and  ready  for  leader- 
ship into  larger  usefulness.  During  his  administration  the  number 
of  students  and  teachers  increased  nearly  four-fold.  New  courses  of 
instruction  were  established  in  Electrical  Engineering,  Chemical 
Engineering.  Sanitary  Engineering,  Geology  and  Naval  Architec- 
ture, and  everj-  one  of  the  older  departments  gained  new  strength. 

President  Walker  had  been  trained  in  the  older  classical  curri- 
culum, and  had  experienced  much  of  the  antagonism  against  the 
newer  education.  He  never  ceased  to  insist  on  the  value  of  breadth 
of  training  to  engineering  students,  and  the  necessity  of  literarj- 
studies  to  such  breadth.  Without  specific  technical  knowledge,  he 
had  the  best  possible  acquaintance  with  the  industrial  needs  and 
resources  of  the  country.  He  emphasized  always  the  importance  of 
teaching  correct  principles  as  a  basis  for  ultimate  professional  suc- 
cess, rather  than  such  mere  knacks  and  devices  as  may  give  the 
young  graduate  a  temporary  advantage.  His  personal  qualities 
made  him  a  constant  source  of  strength  and  inspiration  to  his  asso- 
ciates and  students. 


•Memoir  prepared  by  Professor  H.  W.  Tyler. 
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